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The automotive industry is a competitive sector, always asking for improvements in productivity, 
efficiency and quality. This is the reason why the demand for automation of processes arises, 
resulting in relying less on manpower. 
 
Bowden cables are mechanical elements that allow the transmission of motion between two or 
more systems. They are most of the time not visible for the user. Some examples of applications 
inside the car are opening doors, windows, seat’s adjustment, among many others.  
 
At present, the production of Bowden cables is done by multiple working stations with multiple 
operators. This work is focused on the workstation where the end of the conduit is injected. At 
the moment, there are injection machines with a capacity of 8 conduits at the same time and 
one operator at every injection machine. These injection machines need a lot of space, spend a 
lot of energy and usually present persistent breakdown problems, needing maintenance.  
 
The future outlook of the company is, to have smaller injection machines with a capacity of 4 
conduits at a time and one operator for 2 injection machines. These injection machines are 
easier in maintenance and also occupy less space, consuming less energy as well. The main goal 
for this project is to make it possible to have 1 operator at 2 injection machines. The possibility 
to fully automate was rejected as it is really hard to automate the feeding of the conduits in the 
injection machines due to low stiffness of the conduits, becoming hard to align them in the 
mould.  
 
The proposed solution to make this happens is to design a manipulator to take out the 4 conduits 
and the scrap out of the mould. The scrap and the conduits then need to be separated, scrap to 
a recycling box and the conduits to a production/supply chain box.  
 
The manipulator has been successfully designed, after a thorough comparison of a variety of 
possibilities. All the components that were needed for this concept have successfully been 
defined, calculated, selected and integrated into the design. After the designing process, a 
budget and payback calculation has been done, as well as a return of investment. Lastly, a 
maintenance manual and an assembly manual has been elaborated in order to ease the 
assembly of all the components.  
 
The results after implementing the designed solutions are a reduction in energy consumption of 
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A indústria automóvel é um setor competitivo, mas sempre ávido por melhorias de 
produtividade, eficiência e qualidade. É por esse motivo que surge a procura pela automação de 
processos, resultando na necessidade de menos recursos humanos. 
 
Os cabos de comando são elementos mecânicos que permitem a transmissão de movimento 
entre dois ou mais sistemas. Na maioria das vezes, eles não são visíveis para o utilizador. Alguns 
exemplos de aplicações dentro do carro são abrir portas, janelas, ajuste de assentos, entre 
muitos outros. 
 
Atualmente, a produção de cabos de comando é feita em várias estações de trabalho através de 
vários operadores. Este trabalho está focado na estação de trabalho onde a espiral é sujeita à 
injeção de terminais. Atualmente, existem máquinas de injeção com capacidade para 8 espirais 
ao mesmo tempo e um operador em cada máquina de injeção. Essas máquinas de injeção 
ocupam muito espaço e apresentam problemas constantes de manutenção. 
 
A perspectiva futura da empresa é ter máquinas de injeção com menor volume e capacidade 
para injetar em 4 espirais de cada vez e necessitando apenas de um operador para cada duas 
máquinas de injeção. Essas máquinas de injeção são mais fáceis de gerir em termos de 
manutenção e também ocupam menos espaço. O principal objetivo deste projeto é tornar 
possível um operador em duas máquinas de injeção. A possibilidade de automatizar 
completamente o processo foi rejeitada, pois é realmente difícil automatizar a alimentação das 
espirais nas máquinas de injeção. A razão por detrás disso é o alinhamento de alguns tipos de 
espiral. 
 
A solução proposta para fazer isso acontecer é projetar um manipulador para retirar as 4 espirais 
e os canais de alimentação/gitos do molde. A sucata e as espirais precisam ser separadas, sendo 
a sucata encaminhada para uma caixa para reciclagem e as espirais para uma caixa de 
produção/logística interna. 
 
Os resultados após a implementação das soluções projetadas são uma redução no consumo de 
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1.2 Main goals 













The automotive industry is still one of the biggest players in the world economy. This can be 
easily proved if we have a look at the numbers of cars produced worldwide. In 2018 there were 
more than 95 million cars produced [1]. This is made possible through a lot of innovation, which 
will allow to overcome the current climate problems also generated by this industry.  
This industry is competitive. Therefore, the industry is always looking for ways to automate their 
processes. The automated processes are more efficient than labour work but the quality still 
needs to be guaranteed. To make the process as efficient as possible, it also needs to be flexible. 
There are a lot of different demands by the customer when ordering a car and the assembly line 
needs to take this flexible manufacturing into account. It needs to be able to adapt fast to the 
demanded situation to be competitive.  
Bowden Cables are mechanical elements that allow the transmission of motion between two or 
more systems, which can be divided into actuator systems and receiver systems. They can be 
found in systems for opening doors, windows, seat's adjustments, among many others [2]. These 
cables come in a lot of varieties which means that the production needs to be flexible. The 
production is still really labour-intensive. The different parts of the complete Bowden cable are 
made by operators at different workstations.  
1.2 Main goals 
Due to the age of the injection machines and troubles brought in terms of maintenance, the 
company intends to change from Fiser® big injection machines to small injection machines, so-
called Babyplast®. These machines have the capacity to inject four conduits per cycle, instead of 
eight as the Fiser® machines. Thus, the process needs to be improved in terms of machines’ 
layout and operation. Nowadays, each operator is responsible for one machine. In the future, 
with the Babyplast®, each operator needs to be responsible for two machines. Thus, the process 
needs to be automated. One operator remains needed because the task to put the conduits into 
the mould is hard for a manipulator/robot due to low stiffness of the conduits. Thus, at this 
point, it is not possible for the process to become fully automated. To fulfill the main goal, some 
sub-goals to complete along the way need to be assigned:  
 
1) Understand the production process of Bowden cables in general;  
2) Focus the study in the conduits and its manufacturing process; 
3) Get the required cycle times to produce conduits; 
4) Study the needed flexibility in producing different conduits; 
INTRODUCTION 4
 
DEVELOPMENT OF AUTOMATIC MANIPULATORS FOR PLASTIC INJECTION MACHINES  ROBIN PENNE
 
5) Keep in mind a suitable ROI (Return on investment) 
 
The solution for this problem is to make a manipulator that can take out the conduits and scrap 
after injection of the end of the conduit. The operator will only need to put the conduits at the 
machines, aligning them as necessary.  
1.3 Welcoming company 
Fico Cables produces a variety of mechanical components for vehicles. The company is situated 
in Rua do Cavaco 115, Vermoim, 4470-263 Maia, Portugal (Figure 1). 
This work was carried out under the company supervision of Ing. Mário Cardoso and started in 
February of 2020, having ended in July of 2020. 
  
Figure 1: Fico cables site in Maia [3]. 
INTRODUCTION 5
 
DEVELOPMENT OF AUTOMATIC MANIPULATORS FOR PLASTIC INJECTION MACHINES  ROBIN PENNE
 
1.4 Methodology 
The methodology used to reach the goals was as follows: 
 
1) Understand the problem and current process of the Bowden cables production 
processes and especially the process of the end of conduits’ injection; 
2) Define the scope of the project in consultation with the supervisors; 
3) Collecting the necessary information and already existing drawings;  
4) Get ideas of the already existing manipulators inside the company; 
5) Define the requirements of the product holder for the first injection; 
6) Define the requirements of the product holder for the second injection; 
7) Brainstorm and compare different possible solutions; 
8) Design the product holders for first and second injection; 
9) Get feedback from the stakeholders; 
10) Define the requirements of the manipulator and gripping system; 
11) Brainstorm and compare different possible solutions; 
12) Design the manipulator with the appropriate gripping system; 
13) Get feedback from the stakeholders; 
14) Calculate the necessary pneumatic equipment, supporting frames and standards 
components; 
15) Finalize the designs of the most suitable solution; 
16) Produce the 2D drawings in order to fabricate the components; 
17) Measure and record power consumption of both types of injection machines in 
service; 
18) Define the total cost of the most suitable concept; 
19) Determine the ROI; 
20) Produce an instructions manual to assemble the whole system; 
21) Writing of the thesis. 
1.5 Framework 
The structure of the thesis is essentially built out of four parts:  
1. Introduction 
This part is where the reader is put into contact with the theme of the thesis, the 
objectives that were lined out and the methodology used to overcome the challenges is 
decribed. 
2. Literature review 
The literature review intends to put the reader aware about the theme related to the 
thesis, reviewing technical and scientific developments that have been published in 
books or journals related to the subject.  
3. Development of the practical work 
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4. Conclustions 
The conclusion about the work are drawn out here and the main contributions brought 
by this work are highlighted.  
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2 THEORETICAL CONTEXTUALIZATION 
2.1 Automotive industry 
There is still an amazing car culture across the globe. Everyone is relating a car to freedom. It 
allows to go wherever anybody want whenever anybody want. The trillion-dollar automotive 
industry is making the most out of this culture. The industry is involved in every aspect of the 
car. This includes design, manufacturing, maintenance and sales. Some of the biggest players in 
the automotive industry are Volkswagen (Germany), Toyota (Japan), Nissan (Japan), General 
Motors (USA), Ford Motors (USA) and Fiat (Italy) [4]. 
There are a lot of different methods used by the main manufacturers in the production of cars. 
But, some basics are still the same. One really good example is the implementation of Fordism. 
Henry Ford was the first to implement a fast-moving assembly line with standardized products. 
This was also made possible through the combination of robots and manual labor [5]. 
2.1.1 Automotive industry in the worldwide economy  
In 2018, there were more than 98.1 million motor vehicles produced worldwide. It is possible to 
see the contribution in percentages covered by different regions around the world in Figure 2.  
 
Figure 2: Percentage of motor vehicle production by world region in function of the of total produced cars [6]. 
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It is possible to see that there is a shift of the biggest vehicles’ manufacturerers from Europe to 
Greater China in recent years. The production of Greater China was around 28 million units 
compared to Europe, which has produced around 18 million units. From 2017 to 2018, it is 
possible to see in Figure 3 a decrease of 4% and 0,2% for Greater China and Europe, respectively.  
 
Figure 3: Motor vehicle production in function of units produced by different regions [6]. . 
The above information is based on two kinds of vehicles, commercial and passenger vehicles. It 
is possible to see the million units produced and the change compared to the last year for both 
in Figure 4 and Figure 5.  
 
 
Figure 4: World passenger car production [7]. 
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After looking at the numbers, it is obvious that the world passenger car production is a lot bigger 
than world commercial vehicle production. There are around 79 million passenger cars 
produced compared to 18.5 million commercial vehicles. 
The automotive sector is a big employer in the EU. From Figure 6, it is possible to conclude that 
in 2017 the automotive sector was responsible for around 13.8 million jobs. This total includes 
direct manufacturing, indirect manufacturing, use of automobiles, transport and construction. 
This accounts for 6.1% of all EU jobs [7]. 
 
 
Figure 6: Employment in the EU automotive sector [7]. 
Figure 5: World commercial vehicle production [7]. 
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The whole sector is driven by people wanting to travel by car. Looking at some stats (Figure 7), 
the number of people driving a car in the EU is 602 per 1000 inhabitants in 2017. 
 
The auto industry is a key sector of the economy for every major country around the world. It 
does not only offer direct employment in the production of cars. The automotive industry has a 
lot of suppliers concerning car manufacturing. A few of the biggest sub-sets or components 
suppliers in the automotive sector are Robert Bosch Gmbh, Denso Corp., Magna International 
Inc., Continental AG, etc. Thus, it is safe to say that the car manufacturing industry takes a lot of 
direct and indirect employment for its account. Each direct job creates five indirect jobs. Thus, 
in total, this makes that more than 50 million people, in the investigated 39 countries, have a 
job because of the auto industry. In Figure 7, it is possible to see the relation of different sectors 
to the automotive industry.  
Figure 7: Motorisation rates in the EU [7]. 
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2.1.2 Automotive industry in the Portuguese economy 
The automotive industry is a core sector of the Portuguese economy. The industry represents 
4% of total GDP and it is represented by 29 000 companies, being responsible for 124 000 direct 
jobs, a business volume of 23,7 thousand million euros and 21,6% of the total fiscal revenues in 
Portugal. It represents 11% of total Portuguese exportations. This is all made possible by the 
Portuguese technical skills gained in this field and the logistic infrastructures they have available. 
As can be seen in Figure 9, there are four major car-manufacturers in Portugal: Toyota/Salvador 
Caetano, PSA Peugeot/Citroën, Mitsubishi FUSO Trucks and Volkswagen AutoEuropa [9]. An 
illustrative representation of the automotive industry in Portugal can be seen in Figure 9. 
 
Figure 8: Sector involvements in the automotive industry [8]. 
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2.1.3 Automotive components industry in Portugal 
Portugal produces over 10 000 distinct car parts which are exported and put together on the 
assembly lines of international automakers such as VW, BMW, Jaguar, Land Rover, Aston Martin, 
Porsche, Seat, Fiat, Ford, Renault, and Nissan, among others. More than 230 manufacturers 
exported 9,7 billion euro worth of car parts only in 2019, representing 16% of exports of tradable 
goods. Most components in 2019 were exported to Spain followed by Germany. The export by 
region/country is visualized in percentage in Figure 10.  
  
Figure 9: Automotive industry in Portugal [9]. 
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The industry had a turnover worth 12 billion euro, representing 6% of Portugal's GDP.  The 
turnover and export of the industry raised 4% and 3% compared to last year's numbers. The 
trend over the last nine years can be seen in Figure 11.  
The exported car parts have a lot of varieties [11]: 
 low-tech; 
o plastic parts; 
o rubber parts; 
o composite parts. 
 engine parts; 
 gearboxes; 
Figure 11: Turnover and export of the components industry [10]. 
Figure 10: Exports by region/country of the component industry [10]. 
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 high-tech electronics; 
 moulds. 
The activity with the biggest impact on the turnover is metalurgy (33%), followed by 
electric/electronics (29%) and plastics, rubber and other composites (18%), to fulfill the top 3 
(Figure 12).  
 
These industries are spread over Portugal. The three cities with the most manufacturing sites 
are Aveiro (60), Porto (48), and Braga (36). A map of Portugal with the different locations of 
manufacturing sites can be seen in Figure 13 [10]. 
Figure 12: Turnover by activity in 2019 (%turnover) [10]. 
Figure 13: Location of manufacturing sites [10]. 
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2.2 Bowden cables 
2.2.1 Bowden cables and its constitution 
The origin and invention of the Bowden cable is under discussion. On one side, the invention has 
been designated to the founder and owner of the Raleigh Bicycle Company, Sir Frank Bowden, 
who started replacing the rigid rods with flexible wound cables used for brakes. There is no 
evidence proving this. On the other side, there is evidence of a patent of the Bowden mechanism 
granted in 1896. It was invented by Irishman Ernest Monnington Bowden. The main element of 
this was a flexible tube (made from hard wound wire and fixed at each end) containing a fine 
wire which could transmit pulling, pushing or turning movements on the wire rope from one 
end to the other. It is reported that "on 12th January 1900, E. M. Bowden granted a licence to 
The Raleigh Cycle Company of Nottingham", whose directors were Frank Bowden and Edward 
Harlow. At this signing, they became members of 'E. M. Bowden's Patent Syndicate Limited'. The 
syndicate included, among others, R. H. Lea & Graham I. Francis of Lea & Francis Ltd, and William 
Riley of the Riley Cycle Company. Undoubtedly, this is why E. Bowden and F. Bowden are 
sometimes confused today [12].  
An unpublished typescript exists in the archives of the National Motor Museum, written by the 
son of one of Bowden's employees that attempts to claim the invention of the cable for his 
father to the point of suggesting that it was never applied to bicycles before 1902. Although this 
is easily disproved by reference to 'Cycling' or the other UK cycle press through 1896–97, it 
serves to remind one of the attempts made to rewrite cycle history through priority claims. 
British National Archives describes in its narrative, a flexible cable brake for cycles was 
separately 'invented' by George Frederick Larkin, a skilled automobile and motorcycle engineer, 
who patented his design in 1902. He was subsequently recruited by and worked for E.M. Bowden 
until 1917 as General Works Manager [12]. 
The Bowden cable was designed to take the place of the complex cable and pulley mechanisms 
for bicycles and automobiles. As of today, their use is spread in all kinds of industries. Where 
different applications in the car are described in the next paragraph. 
2.2.2 Bowden cables and its use in car vehicles 
Bowden cables are used in many different applications in today’s vehicles. They are not noticed 
by the user most of the time. It is a type of flexible cable used to transmit a mechanical 
movement or (pulling) force by the flexible moveable combination of an inner cable relatively 
to a hollow outer cable housing. The housing, usually called a conduit, is generally of composite 
construction, consisting of a helical steel wire, often lined with plastic, and with a plastic outer 
sheath. The inner cable is most commonly made of steel or stainless steel. The behavior of 
Bowden cables is dependent on the effective direction. In today’s cars, as well as future ones, 
there are a lot of mechanisms using Bowden cables. Most of them are invisible to the user. An 
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 release of the bonnet; 
 trunk and fuel opening; 
 hood opening; 
 release of the door locks by inner and outer door handle; 
 shift cable to the transmission; 
 folding down the front seats’ backrests in two-door vehicles; 
 window lift inside the doors; 
 remote release of the rear seats’ backrests. 
 
In Figure 14, accompanied by the description in Table 1 and Figure 15, it is possible to see a few 
types of Bowden cables and where they are placed inside the vehicle.  
 
Table 1: Legend for the numbers used in Figure 14. 
 
Number Legend 
1 Automatic window cable 
2 Hood opening 
3 Brake valve 
4 Trunk opening 
5 Roof glass cable 
6 Seat adjustment cable 
7 Door opening cable 
Figure 14: Places where Bowden cables are used inside a vehicle. 
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The Bowden cable is built-up out of several components that will have a different function in 
the correct functioning of the cable. The most influential parts are:  
Zamak end of the cable 
The connection is always carried out through the end of the cable (terminal). These terminals 




 Ultrasound welding. 
The production process of injection is only applied to Zamak terminals (Figure 17). Other 
processes are used for terminals in steel, brass or sintered steel. To increase the resistance 
against corrosion, steel terminals are often protect through zinc or phosphating operations. 
Terminals that are obtained by turning (Figure 16a), stamping (Figure 16b) or forging (Figure 
16c) are usually attached to the respective cables through the pressing process. However, in the 
case of turned and stamped terminals, a heating treatment is generally applied. This is causing 
stress relief that will prevent them from breaking during pressing.  
Figure 15: Different types of application of the Bowden cable [14]. 
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The greatest advantage of these Zamak injected terminals, seen in Figure 17, is being directly 
injected on the cable avoiding the stamping operations. Zamak, an alloy of zinc and aluminium, 
has good corrosion resistance. Both, zinc as it has a protective effect and aluminium by creating 
an oxide layer on the surface, prevent the corrosion’s spread. The combination of the material 
and the injection process increased the productivity and the possibility of creating new 
geometries. In Table 2 the advantages and disadvantages of the Zamak terminals compared to 
the steel terminals are described.  
 
Table 2: Advantages and disadvantages for the terminal injection of Zamak compared to steel terminals. 
Advantages Disadvantages 
 A faster and simpler process 
 More flexibility in geometries 
 Better corrosion resistance 
 No need for pressing resulting in no 
variations in geometry 
 Low dispersion in tensile strength 
 Stable dimension 
 Low cost of raw materials 
 Implementations in semi-automatic 
and automatic systems are easier 
 Injection machines are more 
expensive 
 Higher energy cost to bear with 
injection machines 
 Need to make a flower 
 
Figure 17: Zamak injected terminals [15]. 
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Steel cable 
The steel cables (Figure 18) are an important part of the Bowden cable. Without the surrounding 
parts, the cable would not be of much use. A rope, wire or cable, is a uniform helical construction 
of wire filaments together. They are used in a variety of operating conditions. Rope 
constructions contain larger filaments with greater resistance to abrasion. However, they are 
less flexible. In turn, cable constructions will have more wire filaments, with more flexibility 
while being less resistant against abrasion. The strand consists of two or more connected wire 
filaments and is normally constructed 1 x X, with X being the number of filaments surrounding 
the core (for example 1 x 7, 1 x 19). The wire rope has three or more strands together, and its 
construction is usually designated as the number of core wires, times the number of strands that 
surround the core (for example 7 x 7). 
The final diameter of this type of cable depends on the functionality and the load is intended to 
carry. In a small comparison, a cable for the application of opening/closing doors will have a 
smaller diameter than the ones used for breaks. The Zamak terminals at the end of the cable are 
made by injection, as previously mentioned, and a flower needs to be provided at the ends of 
the cable. This flower (Figure 19) increases the contact surface between the terminal and the 
cable, allowing a better adherence of the cable and improving the terminal tensile strength.  
Figure 18: Construction of the steel cable [16]. 
Figure 19: Different type of cables with a flower [15]. 
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These flowers need to be correctly formed, if not this leads to a defective assembly of the Zamak 
terminal together with the cable. In Figure 20 it is possible to see some examples of defective 
flowers.  
The remaining components that are integrated into the Bowden cable are depending on the 
function the cable has. A few of the other frequently used components are :  
 Internal tube (Figure 21): 
The internal tube prevents friction of the metal cable with the spiral and also reduces 
the noise.  
 Spiral/conduit (Figure 22): 
The spiral prevents contact of the steel cable with other components to avoid noise. It 
guides the steel cable and protects it by being laminated, armed or braided. It is also 
used as a fixing point for the steel cable.  
 End of the spiral/conduit (Figure 23): 
They are used to attach the cable to the required mechanism. 
 Grommet (Figure 24): 
It is protecting the cable for fluid leaking in. It is some kind of part dividing wet and dry.  
 External tube (Figure 25): 
The external tube is placed to avoid noise. Three different kinds of external tubes are 
mainly used:  
o Star tube: To reduce noise caused by impact: 
o Rubber tube: When the cable passed a dry to wet zone or the other way around; 





Figure 20: Cables wit a defective flower [15]. 
Figure 23: End of the spiral 
[15] 
Figure 22: Spiral [15] Figure 21: Internal tube [15] 
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2.2.3 Processes involved in Bowden cables production 
The industry is constantly trying to improve the production process. Due to global competition, 
the automotive component industry has carried out a large number of studies to stay 
competitive and profitable.  Today, there are still a lot of different workstations used for the 
production of Bowden Cables. Studies have been carried out to improve the production of the 
Bowden cables (Table 3). 
 
Table 3: Improvements in the production of Bowden cables. 
Reference Description 
[17] 
Moreira et al., developed a single cell where different manufacturing and 
assembling processes where integrated. This system was also created 
flexible enough, to produce more than one product reference. This resulted 
in a reduction of the overall system life cycle cost as well as the machine 
start-up time and improve the quality and consistency of the product. 
[2] 
Martins et al. developed a new concept of equipment for the manufacture 
of Bowden cables for cars. Starting from the current way of producing, 
implementing improvements such as new operations and increasing the 
level of automation. By creating a jig and a transport system, the product is 
transported between all the necessary workstations. By integrating the 
processes, a dramatic reduction in cycle time and an increase in productivity 
was achieved. Making the process fully-automated, less dependence on the 
variability of manpower increased also the quality of the product. 
[18] 
Ribeiro et al. designed a novel system for the introduction of lubricant in 
control cables for the automotive industry. This design accomplished a 
tremendous reduction of grease waste. Besides the improvement of the 
environmental impact, a more competitive and flexible process is achieved. 
[19] 
Santos et al. designed a novel concept of a conduit transport system. The 
transport system transports the conduit along an automatic production line 
where different operations are performed on the control cable spiral. The 
automation resulted in higher reliability, a drastic drop of stoppages due to 
transport problems of the conduits and a dramatic reduction in set-up time.  
Figure 24: Grommet [15] Figure 25: External tube [15] 
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Rosa et al. presented a case study to optimize the production process of an 
assembly line dedicated to the manufacture of control cables for the 
automotive industry by using Lean tools and methodologies. This study 
resulted in a significant increase in productivity and a reduction in assembly 
line usage. Creating the opportunity for the production of new product 
references at the assembly line in question.  
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Figure 26: Production process of the Bowden cable. 
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2.3 Automatizing the manufacturing processes of Bowden cables 
2.3.1  Industry needs for automation 
A number of factors that are making the industry to increase their automation are described in 
Table 4 [21] [22].  
 
Table 4: Reasons to increase automation in production processes. 
Reason Description 
Increase productivity 
Increasing the output/time unit compared to a non-
automated system. 
Reduction in production cost 
By using machines, it is possible to reduce the production 
cost due to less use of manual production. 
Optimization 
Detection of the causes of problems, isolating them and 
eliminating them. This results in good control over the 
process making it possible to detect critical elements with 
good repeatability. This way, it is possible to act in a logical 
and organized way in order to optimize the process. 
Reduction or elimination of 
repetitive tasks 
Repetitive and monotonous tasks are causing physical and 
mental problems for the operators. By implementing 
automation to perform these types of tasks it is possible 
to improve the working conditions for the operator. 
Improve worker safety 
Some tasks can be really dangerous. By automating these 
tasks it is possible to increase the safety of the operator. 
The operator will only have supervisory tasks.  
Improve product quality 
Automation results in a more consistent production of 
parts with a greater repeatability and conformity. This way 
a reduction in defect rates will be achieved.  
Reduction in delivery times 
Automation can drastically reduce cycle times which 
results in a shorter time between the customer’s order 
until its delivery.  
Production of complex parts 
Some parts are so small or need to be produced with a 
certain precision that manual production is out of the 
question. By using automation, it is possible to produce 
these kinds of parts.  
Efficiency 
By using automation improvement in efficiency and 
quality is accomplished. This minimizes the costs and 
maximizes profits 
 
The need of automation lies in the increasing demands of the market to greater efficiency in 
production. Automation presents a solution to these demands, playing an important role in 
today’s industry.   
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2.3.2 Different types of automation  
The automatisation of manufacturing systems means that the company wants to produce a 
product with less human interaction. The automation can be involved in the assembly line, 
inspection or material handling on the production line. In some cases, it is possible to make a 
fully automated process. Some examples of fully automated systems:  
 Automated warehouses; 
 Automated packaging systems; 
 etc. 
 
Automated production systems can be classified into three basic types (Figure 27) [21]:  
1) Fixed automation; 
2) Programmable automation; 
3) Flexible automation. 
 
In Figure 27, the use of the three types of automation are outlined according to the diversity of 
products and the production volume. When a large quantity of products needs to be produced 
with a small variety of products, fixed automation is most suitable. If there is a large variety of 
products with a reduced product volume, programmable automation is most suitable. If there 
is a balance needed between product variety and production volume, flexible automation is 
most suitable [23].  
  
In the following text, there is more information about the differences between those types [21]. 
 
Fixed automation is a system where the sequence of manufacturing/operation is fixed by the 
equipment configuration. These sequences are usually simple operations like a linear or 
rotational movement or a combination of them. This type of automation is characterised by : 
Figure 27: Types of automation in terms of quantity and variety of products [21]. 
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 High investment for the equipment; 
 High production rates; 
 Inflexible in case of product changes. 
The use of such systems is justified when there are very high production rates, which makes the 
high initial investment easily recoverable since it reduces the unit cost of products when 
compared to alternative systems. A good example of this kind of application is automatic 
assembly machines.  
 
Programmable automation makes it possible to change the sequence of 
manufacturing/operations to accommodate a variety of products. The sequence is controlled by 
a program. The program is a set of instructions. A set of different programs with other sequences 
of operations can be written, helping to manufacture a variety of products. This type of 
automation is characterised by:  
 
 High investment for the equipment; 
o general equipment; 
o specific equipment.  
 Low production rates; 
 Flexibility in case of product changes; 
 The best system in case of batch production. 
 
Programmable automation is used for low and medium volume production. As mentioned, it is 
mostly used in batch production. To make a new type of batch, the system can be 
reprogrammed and, if necessary, the physical set up can be modified to the needs of the new 
product. As a result of a change in the physical setup, the time to modify the system needs to 
be taken into account before the new batch can be produced. A good example of programmable 
automation is industrial robots.  
 
Flexible automation is an extension of programmable automation. It is a system that is capable 
of producing a variety of products with virtually no time lost for changeovers between products. 
This includes the time of the physical set up as the time of reprogramming. This means that it is 
possible to make a variety of products in combination with each other, instead of producing 
them in separate batches. This type of automation is characterised by:  
 
 High investment for the custom-engineered system; 
 Continuous production of a variety of products; 
 Medium production rates; 
 Flexibility in case of product design variations.  
 
The biggest difference with programmable automaton is, in essence: 
 
 The capacity to change programs with no loss in production time; 
 The capacity to change the physical setup with no loss in production time. 
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They accomplished to have no loss in production time by preparing the programs off-line on a 
computer. When the program is needed, it is uploaded in the dedicated automated production 
system. Changing the physical setup between parts is made by making the changeover off-line 
and then moving it into place simultaneously as the next part comes into position for processing. 
This canbe implemented, for example, by the use of pallet fixtures that hold the parts and 
transfer into position at the workplace. The variety of products that can be made using flexible 
automation is more limited compared to programmable automation.  
 
2.3.3 Automation of industrial machines 
The automotive industry has undergone a lot of changes in recent years, going from large series 
productions with repetitive assembly work supported by fixed automation to flexible 
production. The next step was, due to the demand for a bigger variety of products, the 
introduction of flexible automation. Over the years, the industry has been pursuing continuous 
improvement in production efficiency and saving resources as much as possible (energy, 
material, human labour). For product manufacturers, the change to go from a manual system to 
automated systems has always been a challenge. The aim is always to increase productivity, 
reduce cycle times while meeting the high-quality requirements by the customer and reducing 
production costs. This way assures the manufacturers remain flexible and competitive due to 
variation in the market. There are a lot of studies made trying to improve the production of car 
parts. A number of them can be seen in Table 5. 
 
 





Araújo et al. worked to eliminate the manual labour in the assembly line 
of suspension mats. He did a careful study of the workers’ movements 
and, with the results, he has optimaised the production flow. In that flow, 
he integrated simple automated systems to eliminate manual labour. A 
new concept for suspension mats transport along the production cell has 
been created. With this optimization, the assembly line achieved a cycle 
time of 12 s which is a 40% improvement from the initial assembly line. 
The optimization also eliminated the risk of mistakes induced by manual 












Nuno Martins et al. aimed at developing a new concept of equipment for 
the manufacture of Bowden cables for cars, starting from the concept 
currently in operation. In this sense, flexible equipment was developed, 
with several changes and improvements implemented, including new 
operations and increasing the level of automation of the system. 
Through the newly developed concept, there is less dependence on 
manpower factor and associated variability, increasing the quality of the 
product and operator’s work, reducing cycle times (25%) and increasing 
productivity. 
[17] 
This work developed by Moreira et al. intended to develop and present 
the real advantages of processes’ integration using automation, in 
opposition to a diversity of inter-dependent automated processes, in 
terms of work preparation (setups), materials flow and maintainability. 
A case study is presented, illustrating how the system can be designed, 
establishing a novel concept of a fully automated equipment, integrating 
production and assembly systems. Thus, inventories are eliminated and 
the production management was made easier. 
[25] 
Figueiredo et al. worked to eliminate a previous manual operation 
(stripping of a coated metallic cable) by adding a device on a current 
existing machine in order to make it a fully automatic process. He did this 
by studying the manual cutting process and making prototypes following 
the trial and error method. With this device implemented on the existing 
machine, it allows the machine to produce wire ropes up till 2.5 meters 
long and stripped on both sides with a cycle time of 7 seconds (1000 wire 
ropes per hour as they are produced in couples). The investment, by 
using the fully automatic equipment, is paid back in 2.3 years.  
[26] 
Costa et al. made a study on plastic parts of a widescreen washer. An 
agile concept was developed allowing various types of parts from the 
same family to be manufactured while also reducing the setup times. The 
study concluded that automation was the go-to option to improve 
production and quality while having enough flexibility and agility. 
Flexibility and agility are leading to better production management 
concerning the new market requirements: low or medium series with 
fast delivery and specific requirements from the customer.  
[19] 
Santos et al. designed a novel concept of a conduit transport system. The 
transport system transports the conduit along an automatic production 
line where different operations are performed on the control cable 
spiral. The automation resulted in higher reliability, a drastic drop of 
stoppages due to transport problems of the conduits and a dramatic 
reduction in set-up time (97%). Moreover, some mechanical systems 
were also simplified. 
THEORETICAL CONTEXTUALIZATION 30
 




Costa et al. developed a concept to solve quality problems in the 
transmission system of automobile wipers namely on an axle. A fully 
automated equipment capable of receiving, guiding, assembling and 
controlling the assembly of these axles was developed. The production 
rate was exceeded by 19%. This results in a more efficient and optimized 
process due to the ability to perform several tasks at the same time and 
perfectly synchronized while solving quality problems.  
[22] 
Magalhães et al. developed a new system to collect and reorient newly 
curved wires by using an automatic machine. The orientation is 
dependent on the next stage in the manufacturing: over-injection. This 
implementation causes a big drop in cycle time since the robotic 
equipment that bends the wire no longer requires a stop cycle simply for 
another robotic arm to collect the wire, before cutting and positioning it 
correctly. 
[28] 
Parreira et al. used the A3 methodology to study the improvement of 
productivity of an assembly line dedicated to the manufacture of brake 
cables for the automotive industry. This methodology monitors the 
evolution of key indicators such as productivity per hour and Overall 
Equipment Effectiveness (OEE) of the assembly line, to define different 
improvement actions to be executed and achieving the defined target. 
The implemented solutions increased productivity by 49% and a 
reduction in cycle times by 33%. The rearrangement and improvement 
of operations also increased the efficiency of the assembly line balancing 
in 11%.  
 
 
Automation is the application of computerized or mechanical techniques to reduce the use of 
human labour in the process. By using automation we can frequently reduce the cycle times 
drastically and improve the quality of the product due to less human interaction. Automatic 
systems can be found in all kinds of applications inside a company such as performing operations 
in the manufacturing of the product, transportation between workstations, in the assembly of a 
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2.3.4 Automation of intra-logistics processes 
Nowadays, companies have more complex problems due to reducing cycle times and the 
production of a variety of products. Several tasks are carried out by different automated types 
of equipment and sub-products need to be conveyed from one workstation to another. Next, is 
a description of a few methods on how intra-logistics is working nowadays inside manufacturing 
companies.  
 
In a production company, there are multiple workstations. Between workstations, the sub-
products are mostly transported in boxes to the next workstation. The transportation between 
the different workstations can be executed by different automated equipment such as 
conveyors,  rotating tables, manipulators, etc. The sub-product, that is delivered at the injection 
machine, is a conduit that is cut on the desired length. These conduits are fed at the cutting 
machine as a conduit on a roll that came from a different production area. These rolls are 
transported by a forklift to the desired production area. After, the machine is cutting the 
conduits on the desired length, which are put by the operator into boxes. These boxes are then 
moved to the injection machine. The distance between these machines is not far. They are put 
close together to reduce transport time. These sub-products are then put into the injection 
machines to create the end of the conduit. The current situation is that the new product is picked 
out manually and again put into boxes that need to be transported to the next workstation. The 
next workstation where the conduit is used is to insert the steel cable. At this moment, the steel 
cable already had some operations themselves (cutting of the steel cable, producing of flower, 
checking of the flower and a first Zamak injection). It is safe to say that most transportation is 
performed manually, although some improvements are considered for the future.  
 
There are some new developments. As the industry is always trying to improve cycle times and 
reducing cost per unit, they try to develop more novel systems that integrate different fully-
automated processes and corresponding separate tasks. The raw material can be fed at the 
beginning of the cell and all the manufacturing and assembling processes are made sequentially 
in the same cell. The final product is eventually delivered in the final stage of the cell. This makes 
the material flow easy to control (no intermediate stocks) [17].  
 
Another option to perform the various tasks is to make a novel concept of conduit 
transportation. The new conduit transport system along the production line implemented 
innovative mechanical and pneumatic solutions. This way, a reduction of by-products in the 
process of manufacture is accomplished, extending as well the space for other modules to be 
coupled to the base equipment in the future [19]. The inefficiency of the process lays greatly in 
the transport between the different workstations and the intermediate stocks. The production 
rate of those workstations is also different, which causes unnecessary intermediate stocks. 
 
Figueiredo et al. made a new concept for the automotive wire production which solved a lot of 
these problems, by implementing the cable cutting, stripping and injection in one workstation, 
an improvement in efficiency is accomplished [25].  
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2.3.5 Automation applied to Bowden cables production 
Automation systems useful for the scope of this work  
The automation of currently manually performed operations is often achieved by using different 
types of automation systems, such as pneumatic or electrical cylinders for several types of 
actuators controlled by a PLC (Programmable Logical Controller), using sensors and mechanical 
devices. There is a high diversity of standardized automation components and accessories, 
which must be a priority factor in the design of automated systems. 
 
Control system  
Control system that reads the sensor's state and links it to the actuator elements is needed. The 
information that is collected by reading the sensors and the logics programmed inside the 
microcontroller are making it possible to put actuators to work in a predefined way. 
 
Sensors  
There are multiple sensors on the market to detect a position or action that has been carried 
out. In Table 6 it is possible to see some commonly used sensors combined with basic 
automation solutions. 
 
Table 6: Common types of sensors. 
Type of sensor Description 
Inductive sensor 
Sensor-based on the variation of the inductance. They detect 
ferrous metal parts, such as steel.  
Capacitive sensor 
Sensor-based on the variation in capacitance. They detect 
ferrous and non-ferrous material such as wood, glass, plastic, 
…  
Magnetic sensor 
Magnetic sensors have the characteristic of performing an 
electronic drive through the presence of an external magnetic 
field, close to and within the sensitive area of the sensor, 
coming in most cases from a permanent magnet. These sensors 
may be sensitive to the two poles of the magnet, NORTH or 
SOUTH, or be sensitive to only one pole. 
Ultrasonic sensor 
These sensors are formed by a transmitter and a receiver that 
uses the frequency variation to detect the distance from an 
obstacle. 
 
Analog or digital variables can be used in an automatic process to make decisions such as 
starting/stopping of a cylinder. The instrument that captures what happens in the process is 
called a sensor. The component that performs the task initiated by the controller is called an 
actuator. There is a wide range of sensors available on the market, but, for this project, the ones 
that will be needed are the implemented in the T-groves of the cylinders (Figure 28). These 
sensors are offered in compatibility with the required cylinder for the job. 
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Actuators 
Actuators are components that convert electrical, hydraulic or pneumatic energy into 
mechanical energy. Hydraulic and pneumatic actuators are driven by fluids in motion. Hydraulic 
actuators use oil as fluid while pneumatic actuators use air. These actuators can be linear or 
rotary cylinders. In this project, the forces that are needed are small and, therefore pneumatic 
components will be selected.  
 
The pneumatic actuators are generally used in systems where high speed is necessary and where 
the final positioning does not need to be exact. The three basic variables for controlling these 
movements are the direction of movement, speed and strength.  
 




This type of cylinder is driven from one side. The return is 
carried out by the use of a spring or an external force.  
Double-acting cylinders 
This type of cylinder can work in both directions. The 
forces that are produced are slightly different due to the 
section occupied by the piston rod. 
Double-acting tandem cylinders 
Tandem cylinders are built out of two axial cylinders joined 
in one.  
Rotary vane cylinders 
The rotary vane cylinders have a rotating vane providing 
angular movements up to around 270°.  
Rotary rack and pinion type 
cylinders 
This type of cylinder converts the linear movement into a 
rotational movement using a toothed gear.  
Rodless cylinders 
In rodless cylinders, the piston force is transferred to a 
guided slide car through tape. The movement is reversed 
by the introduction of a pneumatic signal in the opposite 
chamber moving the car in the opposite direction.  
Rotary actuators engines 
The rotary actuators transform pneumatic energy into a 
rotating motion, designated normally by pneumatic 
motors, with one or two directions of rotation. 
Figure 28: Magnetic sensors (direct mounting) [29]. 
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The grippers are used to manipulate objects (catch, move 
or release). They are self-centered and can be used to 
handle a wide range of objects. 
Vacuum pads 
The suction cups are used to transport flat or slightly 
curved surfaces by creating a vacuum.  
Electrical actuators 
Direct Current Motors 
DC motors are generally compact and maintain a constant 
torque over a wide speed range.  
Step motors 
Step motors are essentially a DC-motors, but with control 
over the axis displacement. Each angular displacement of 
the axis corresponds to the pitch, and operate in open-
loop control in position and speed, and are easily 
interconnected, simple, low-cost control units. The 
torque, however, decreases with increasing speed.  
Alternating current motors 
Although widely used in various industrial applications, 
AC-motors only have been used recently in manipulator 
designs, especially linear motors. 
 
The specific actuators needed for this project will be double-acting (Figure 29a) cylinders and a 






Figure 29: Double-acting cylinder (a) [30] , rodless  cylinder (b) [30] and gripper fingers (c) [31]. 
a) b) c) 
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3 COMPANY, PROCESSES AND PROBLEM CHARACTERIZATION 
3.1 Company characterization 
The welcoming company, Fico Cables, Lda. was founded in 1972. Fico Cables is a manufacturer 
of mechanical components for commercial and industrial vehicles. The company belongs to the 
FICOSA group, which is active in 16 different countries. 
 Ficosa International S.A. (FICOSA) [32] 
o The company: The company was founded in 1949 by Josep Maria Pujol e Josep Maria 
Tarragó in Barcelona (Spain). It was renamed to Ficosa International in 1987. The 
companies main activities are research, development, manufacturing and marketing 
of advanced technology vision, safety, connectivity and efficiency systems for the 
motor and mobility sectors.  
o The team: The Ficosa Group has more than 10 000 employees spread over Europe, 
North and South America, Asia and Africa. 
o Turnover: The company’s turnover in 2015 was more than 1.112 million euros. 
o Innovation: The company is investing 6,5% of its yearly income in R&D. They have 14 
R&D technology centers worldwide.  
o Global presence: As previously mentioned Ficosa is present in 16 countries in Europe, 
North and South America and Asia. The global activities can be seen in Figure 30. 
 
Figure 30: Global activities of FICOSA INTERNATIONAL [33]. 
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 Fico Cables, Lda. 
The company is situated in Rua do Cavaco, 115 Vermoin 4470-263 Maia (Portugal). 
The production plant and R&D center employ more than 1,400 professionals. Fico 
Cables main activities are making command cables for different applications such as 
door opening, handbrake, seating regulations. Another activity is the comfort 
systems. They are incorporated in the seats of the vehicle. Fico Cables are a supplier 
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3.2 Bowden cables manufacturing sequence and processes used 
3.2.1 Bowden cables  
Bowden Cables are mechanical components that make the transmission of motion possible 
between systems. They can be founded in different systems in vehicles such as opening doors, 
windows, seat’s adjustment and many others. These cables have several manufacturing 
processes. It can have a braided metal cable that can be coated or uncoated, a plastic tube 
through which the metal cable circulates, that in turn is routed by an outer coated metal spiral 
tube, an outer damping tube, two Zamak-injected parts at the ends, and some plastic injected 
parts at the ends of the spiral and one or more elastomer injected parts for attachment to the 
car. Also, plastic can be injected onto Zamak injected parts to eliminate noise in operation [2]. 
You can see a few types of possible cables in Figure 31.  
As described before, the Bowden cable is built out of different components that have different 
functions. A closer look at the whole production process of these different components and the 



















Figure 31: 3 types of cables ZZH, IBT and IBT LASSO.[2]. 
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The production station of the laminated conduit is shown in Figure 32. They can have plastic 
tubes inside with the laminated steel around it. The machine is fed with laminated steel and the 
plastic tube. The steel is then turned around the plastic tube to make the conduit. The sub-






































Figure 33: Uncoated laminated conduit. 
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Armed conduit 
The second produced conduit is the armed conduit. This conduit has the same inner tube but 
the metal around the tube is constructed by 17 wires turning around the tube. The turning wheel 






The twisted conduit consists of 16 wires compared to the 17 wired of the armed ones, and is 
constructed by twisting the 16 wires around the internal tube.  
 
The conduits can also be coated with polymer over-injection (Figure 36). The production process 
for all three different conduits follows the same process, only the wiring process is different. 
Feeding of steel and internal tubes, then the machine produces the desired wiring. After the 
wiring machine, there can be a polymer coating by extrusion process (Figure 36), being cooled 
down in a water bath over a certain length. Then the conduit is collected at the end of the 
working station. After these operations, the conduits will be cut on the desired length for the 
specific product specification. 
 
3.2.3 End of conduits 
The end of conduits can be accomplished in three ways: overmoulding, punching and welding. 
The reason why there are different ways is depending on the necessary tensile strength, water 
tightness, etc. In Figure 37 it is possible to see the injection machine used for overmoulding.  
 
Figure 35: Armed conduit. Figure 35: Production of the armed conduit. 
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3.2.4 Steel cable 
The steel cables are cut on the length that is necessary for the different types of Bowden cables. 
This cut is usually performed by abrasive discs at high-rotation or using electrical rsistance, 
taking advantage of a system like the spot welding, where the elevated intensity of current 
produces the cut od the steel cable. The tip of the steel cable will be subjected to a hammering 
process in order to produce the mushroom, which is usually controlled, because this is a critical 






Figure 36: Polymer over-injection of the conduit. 
Figure 37: Injection machine with mould and jig. 
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3.2.5 End of steel cable 
The end of the steel cable can be an injection of Zamak or steel. Some endings are not possible 
to make through Zamak and that is why there are steel endings as well. If a Zamak ending is 
preferable, it is important to know that a mushroom should be produced before the injection. 
This is necessary to preserve enough contact surface for the Zamak injection as discussed earlier. 
These two processes are done at the same workstation, as can be seen in Figure 38. 
 
3.2.6 External tube 
An external tube is put on the conduit to reduce the sound inside the car. This is done manually 
or with the help of compressed-air (Figure 39). This depends on the fitting of the external tube 
on the conduit. The external tubes are produced by external suppliers.  
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The grommet (Figure 40) is put on some of the cables to ensure that the water is not running in 
from outside of the car to the inside. These are produced by external suppliers.  
 
Figure 39: External tube mounted on the conduit via compressed-air. 
Figure 40: Examples of grommets on Bowden cables. 
Grommet 
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3.2.8 Manufacturing process 
The manufacturing process described is the process fixated on the conduits that are considered 
in our project. 
The whole manufacturing process of the Bowden cable is built up in different working stations 
as earlier described (Figure 26). The process is thus not fully automated. The manufacturing 
process begins with the manufacturing of the appropriate conduit (laminated/twisted/armed). 
This is done with an internal plastic tube where metal is spun around. Then, it is going through 
a polymer injection unit that produces a coating around the conduit. After that, there is a cooling 
bath to make sure the coating is dry before collecting the produced conduits in a buffer. This 
process is at the moment fully automated (Figure 36). 
The produced conduits are then transported to another place on the site, closer to the rest of 
the workstations. There is a cutting machine available which cuts the conduits at the appropriate 
length. It also leaves some marks behind to make it easier in the coming process to clamp. 
After, the conduit is moved to the injection station where the end of the conduit is injected over 
the conduit (Figure 37). There is currently one operator who puts in the conduits before the 
injection and takes out the conduits after the injection. The operator puts then the finished 
conduits in a box and the scrap in a different box. The box is then moved to another station 
where the steel cables are inserted. First, the steel cables are cut on the desired length and 
afterwards moved to the desired workstation, where the mushrooming in the steel cable is 
produced, checking the mushroom and the first end of cable injection (Zamak) on to the steel 
cable (Figure 38). The steel cables are then inserted in the conduit and then have a new cut on 
a new length with a new reference (end of conduit) to assure conformity (Figure 41). The second 
Figure 41: Second cut for the steel cable. 
Steel 
cable 
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mushrooming, checking the mushroom and the second end of steel cable injection is then 
happening. This process is done by one operator who puts the steel cable into the mushrooming 
machine and the injection machine.  
The only thing that is then left to do is a complete check of the produced Bowden Cable, checking 
the length and the tensile strength using a test bank (see Figure 42). One operator is putting all 
the Bowden cables in manually. The Bowden cables are then assigned OK and NOK after the test. 
For some Bowden cables, there is also the necessity to have an external tube or a grommet. The 
external tube can be put on the conduit manually or with the help of compressed-air (Figure 39). 
This is accomplished by one operator. The same thing is happening for the grommet, this is 
assembled manually by one operator. These operations are happening before the second 
injections. 
3.3 Problem characterization 
3.3.1 Current situation 
As described previously, the production of Bowden cables is not fully automated. There are 9 
different workstations. The sub-product is always transferred between those workstations. At 
the working station where the end of the conduit is injected on the conduit, there is one 
operator for one injection machine at the moment. The current machines have the capacity to 
inject eight end of conduits at once (Figure 43). 
It can be clearly seen that the conduits are kept in the correct position in the jig by using magnets 
(Figure 44). The conduits have the possibility to have different lengths, so it needs to be possible 
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to change the position of the jig. In the current system, the screws are on the bottom side of the 
jig. This way of fastening is not maintenance friendly or ergonomic for the operator while 
removing. At this moment, the operator needs to do the following tasks: put in the conduit, use 
the operating buttons, injection of the end of the conduit and take out the injected parts 
manually.  
 
Figure 43: End of conduit injection jig 1 
 
Figure 44: End of conduit injection jig 2 (current situation). 
Magnets  
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The first proposition for the project was to make a manipulator for these older injection 
machines. However, the scoop of work changed as the company is investing in new injection 
machines (Babyplast®). 
Future machines will look quite different. Ficosa cables ordered new machines which are smaller 
and are consuming less energy. Though, the capacity of the new machines will only be four ends 
of the conduit injections at the same time.  
 
3.3.2 Future outlook of the company 
The future outlook of the company is to have one operator at two of the new injection machines 
(Babyplast®) (Figure 45). The new injection machines (BabyPlast®) have only a capacity of four 
injections of end of conduits at once compared to eight of the older injection machines (Fiser®). 
Thus, a way to take out the overmoulded conduit and the scrap from the mould and put them 
into storage boxes needs to be found. Then, one operator would be able to put in the conduits 
manually in both the injection machine while the manipulator would be taking care of removing 
the overmoulded conduits and the scrap from the mould. This must all be made in a safe relation 
with the operator. This means that it will be needed to foresee some light screens or fences to 
make the whole process safe for everyone.   
The whole reason behind the acquisition of the Babyplast injection machines is that they are 
smaller, consume less energy and are more maintenance-friendly.  
 
 
Figure 45: Babyplast injection machine. 
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4 DEVELOPMENTS AND RESULTS 
4.1 Practical approach followed to solve the problem 
The structure that has been followed in practical terms to solve the problem can be seen in 
Figure 46. 
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other


























Cost of the 
appropriate 
cylinders
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4.2 Brainstorming about possible solutions 
4.2.1 Description of the different solutions 
Orientation of the injection machines  
The first thing that needs to be decided on, is how the injection machines need to be orientated. 
The two considered options are next to each other (Figure 47) and in front of each other (Figure 
48). The numbers mentioned in Figure 47 and Figure 48 are presenting the workflow the 
operator would be following. 
 
Figure 47: Diagram of the injection machines next to each other. 
 
 
Figure 48: Diagram of the injection machines in front of each other. 
Jig 
The design of the jig is split up in two designs, a design for the first injection (Figure 49) and one 
for the second injection (Figure 50). For the first injection, there is no need to have a cut-out 
shape of the end of conduit. A cut out shape around the conduit is enough. For the second 
injection jig, it is necessary to have a cut-out form for the second injection. The jig needs to make 
sure that the conduit is kept in place during the injection of the end of the conduits.  
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Figure 49: First injection jig. 
 
 
Figure 50: Second injection jig. 
 
Gripping system 
Before, discussing the concepts that were taken into consideration, some 
movements/adjustments need to be described, which can be made to the system to make it 
more flexible: forwards/backwards, left/right and up/down. These movements are described in 
Figure 52. 
Grippers 
The systems that were taking into account as grippers were a standard gripper from Festo, a 
compact scrap gripper system, a gripper designed based on a robust standard cylinder and a 
gripper solution that can clamp four conduits at the same time, using only one cylinder. These 
systems can be seen in Figure 51. 
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Figure 51: Grippers considered in the design a) DHPS-serie(FESTO) with designed clamps; b)CDQS-serie (SMC) 
with a clamping system; c) Compact scrap gripping system with the use of ADN serie cylinder (FESTO); d) 
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Gripper’s holder 
The final design of the gripper’s holder was not created at one time. Some varieties have been 
created during the development process. The first basic concept was based on the standard 
clamping cylinders (DHP-series) from Festo (Figure 52).  
 
The second concept was a more robust concept with a special gripping system for the scrap 
removal. The scrap gripper is fastened in the same way as the conduit grippers in this concept. 
All the grippers can be moved separately to left/right and up/down (Figure 53).  
Figure 53: Second concept for the gripper’s holder. 
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The third concept is already more detailed and it is possible to see that the big difference is in 
the fixed distance between the grippers. They are still separately movable up/down and 
forwards/backwards, but not left/right anymore (Figure 54). 
 
The fourth concept is similar to the third one. The difference is that the system is working here 
with a bridge to make the movements of the cylinders possible. This way, it is possible to move 
the four cylinders at the same time (Figure 55).  
 
 
The fifth concept is again similar to the third and fourth ones. The difference here is that there 
is another bridge. The grippers are fixed in distance between each other and a bridge is making 
it possible to get them move altogether to the right or left. But, each gripper can be adjusted to 






Figure 54: Third concept for the gripper holder. 
Figure 55: Fourth concept for the the gripper holder. 
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The sixth concept (Figure 57) is different: after discussing with the company, it was concluded 
that the center distance between the conduits will always be the same (36 mm). Thus, the holder 
of the gripper can have a fixed distance. The grippers still have the possibility to move 
forwards/backwards over a certain distance due to the additional added holes.  
 
Cylinders’ movement  
A first concept for the cylinders’ movement is a combination of cylinders found in Festo 
catalogue. It is possible to see the combination between the SLM-series and SLE-series in Figure 
58.  
Figure 56: Fifth concept for the gripper holder. 
Figure 58: Combination of SLM and SLE Festo’s cylinders. 
Figure 57: Sixth concept of the gripper holder. 
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The second concept is based on basic cylinders with equipment designed to make the desired 
movements possible. It is built out of two guiding rails and two cylinders that make the two 
desired movements possible. In concept a), the holder of the lever arm is built out of one part 
of aluminium while in concept b) the holder of the lever arm is built out of 3 separate parts, two 




The frame (Figure 60) is designed around all the previous components. It needs to have space 
for the storage boxes for the conduits, scrap boxes, assembling of the guided rails and cylinders 






Figure 59: Second concept for the movements  a) holder of the lever arm in one part  b) holder 
lever arm in 3 parts. 
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4.2.2 Critical analysis of each possible solution 
The orientation of the injection machines  
A. Next to each other  
Referring to Figure 47, it would be easier to share a manipulator when the machines are next to 
each other. We could still think about sharing a manipulator between two workstations but this 
can cause troubles in cycle times. The two workstations should then start at a specific time and 
also the operators need to maintain the same pace for the rest of their shift. We can discuss the 
fact that the manipulator will not be in use all the time, but this is the best way to avoid problems 
in cycle times.  
 
B. In front of each other  
Referring to Figure 48, this is the best way for the operator. He only needs to turn around his 
axis to put in conduits in the other injection machine. The time needed to move sideways to the 
other injection machine is eliminated. When the machines are in front of each other, sharing a 
manipulator is not an option.  
 
Jig 
Referring to Figure 49 and Figure 50, it is possible to see that the designs are quite similar. For 
the second injection, it is needed to have a cut-out shape to make sure that everything is kept 
in place and correctly aligned in comparison with the first injection. The force that keeps the 
conduits in the jig, is caused by magnets put inside the jig. One of the important details of the 
jig for the second injection is that it needs to be long enough. This way, there is enough support 
for the end of the conduit and stays correctly aligned.  
  
Figure 60: Frame adopted to the final solution 
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Gripping system 
Gripper – DHPS series 
The easiest design of a gripper is the parallel gripper from the Festo’s DHPS-series (Figure 51a). 
They can be perfectly used as grippers for the conduits. The DHPS-series grippers are vulnerable 
to damage and quit expensive. It is also needed to design some clamps to put over the grippers, 
which can pick up the shape of the conduits. 
 
Gripper – CDQS series 
The gripper is built up from a basic linear cylinder. The linear movement of the cylinder is 
translated into a rotating movement which makes it possible to clamp the conduit. On top of 
the basic cylinder, there are some parts designed that make this possible. These kinds of grippers 
were previously used inside FicoCables. This designed system is a cheaper and more robust 
solution compared to the ‘simpler’ but more expensive and vulnerable design of the DHPS 
grippers. Also, the concept that was created to clamp four conduits with one cylinder was made 
using the CDQS cylinders. 
 
Compact scrap gripping system  
The compact scrap gripping system was designed in case there was a lack of space. Here, one 
cylinder causes four clamps to close or open at the same time. By using only one linear cylinder, 
it is possible to save again some amount of money on cylinders or parallel grippers. However, 
the system is quite rough.  
 
Gripper holder  
First concept for the gripper holder 
The initial concept for the gripper holder is designed around the parallel grippers from Festo. It 
is possible to move the gripper sideways in the desired position but not in height (up/down).  
 
Second concept for the gripper holder 
The second concept for the gripper holder is a combination of the CDQS-series and the compact 
scrap gripping system. The compact gripper system and holder would create a large mass center 
in front which does not seem feasible. The bridge over the cylinders could cause high stress in 
the corners. All grippers can be moved separately sideways (left/right) and in height (up/down). 
The separate moving of the cylinders is not exactly necessary as the center distance between 
the conduits will always be the same.  
 
Third concept for the gripper holder 
The third concept removes the special compact gripping system and replaces it to all grippers of 
the CDQS-series. Together with a fixed plate where the cylinders are mounted inbetween 
resulting in the same center distance between all grippers. Grooves on the side were 
implemented, thus, the operator has a reference to setup the grippers easily. Another scale is 
added to have a reference concerning the height of the grippers. All grippers still need to be 
fastened one by one.  
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Fourth concept for the gripper holder 
The fourth concept is similar to the third. The biggest change is the use of a bridge that makes it 
possible to move the grippers forwards/backwards in a faster way, decreasing the setup time. 
The grippers can still be modified separately in height and center distance between them.  
 
Fifth concept for the gripper holder 
The fifth concept uses ideas of all the previous concepts. It uses the advantages of a bridge 
(quicker setup time), a fixed plate to ensure the center distance between the grippers, keeping 
in mind that the grippers can still be modified in height.  
 
Sixth concept for the gripper holder 
The sixth concept has a fixed distance between the centers of the conduits. The grippers can still 
be moved forwards over fixed distances through the bolting holes to adjust them to the length 
of the conduit. They can be moved left/right a little, to solve misalignment.  
 
Cylinders’ movement  
First concept 
The first concept was based on a combination of SLE and SLM cylinders from Festo. This 
combination is perfect for XY- and XYZ-systems. The drawback of using these cylinders is that 
they are more expensive than standard cylinders and more vulnerable to impact.  
 
Second concept 
The second concept is based on the use of basic cylinders and guide rails. To implement this 
solution there was the need to design some parts. The second concept has two varieties. One of 
them is with the holder of the lever arm in one part, the other is built out of three parts with 
different materials (steel+aluminium) improving the strength. This concept was made as in the 
past, there have been some problems with the threads after a number of switches.  
 
Frame 
The frame is designed around the whole solution to make it fit perfectly. The frame must be 
strong enough to avoid vibrations and deformation (bending). These vibrations could harm the 
equipment and deformation could imply the gripper system to not be correctly aligned anymore.  
4.2.3 Selection matrix, parameters and weighting justification  
After describing all the possible concepts considered for the design, SWOT-analyses were carried 
out to pick the best solutions.  
 
Orientation of the injection machines 
Picking the orientation of the injection machines seems like a simple decision but, it has a big 
impact on the rest of the design, as well as the ergonomic way of working for the operator in 
the future. After taking out the SWOT-analysis for both options (Figure 61 and Figure 62) and 
talking with a few employees about the ideas, the decision was made to go for the injection 
machines in front of each other.  
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This decision was mostly based on a more ergonomic way of working for the future operators 
of the injection machines. Only needing to spin around their axis to work further and no need 
to walk a short distance every time, can improve the awareness of the operator in the long run. 




The second design that needs to be questioned is the jig. This was straight forward as the design 
was based on the current ones used inside the factory. Only a few changes have been made to 
make an improved design. For example, the fastening bolt was put on top instead of on the 
bottom. Thus, it is more ergonomic for the worker who is going to change the jig.  
Strenghts
• Sharing a manipulator
• Saving a manipulator
Weaknesses
• Distance coverage for the operator
• Vulnerability for impact
Opportunities
• Short stand down time of the cylinders
• Saving money
Threats
• Safety for operator while the shared maniplulator       
is moving between the two machines
• One manipulator down causes problems for two 
machines
SWOT
Next to each other
Figure 61: SWOT-analysis considering injection machines next to each other. 
Strenghts
• Simple use of basic cylinders
• Robust
Weaknesses
• Stand down-time of cylinders
Opportunities
• The use of basic cylinders could mean less 
maintenance and no specific knowledge needed 
for servomotors
• Maintenace can be quickly done as the use is only 
basic cylinders and it only causes troubles for one 
machine
Threats
• Safety for the operator
SWOT
In front of each other
Figure 62: SWOT-analysis considering injection machines in front of each other. 
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All the grippers mentioned could be used in the design. They would all be successful in taking 
out the conduits/scrap. Therefore, it is needed to compare them as much as possible. The most 
important factors to take into consideration are cost, maintenance, robustness, amongst others. 
Robustness and maintenance are related to each other as operators are sometimes rough with 
the equipment, it is needed to make sure that the equipment can have a hit and not going to fail 
after a small incident.  
After considering the options in the function of the companies best interest (price, maintenance, 
etc.), it was chose a design for the cylinders where just one cylinder is necessary to clamp four 
conduits at the same time. It is a simple, cheap and robust way to have a good gripper system.  
 
Gripper holder 
After deciding to go with the gripper based on the CDQS cylinder, it is not necessary anymore to 
consider the first concept. The second concept is still taken into consideration because of the 
bridge design. But, the best solution is the sixth concept. It is reducing the number of cylinders 
needed to clamp the conduits. Thus, it is safe to say that by reducing the number of cylinders it 
is possible to reduce the cost, maintenance, set-up time, etc. That is why the sixth concept was 





• Flexible because all cylinder holders can be moved 
seperatly




• Bridge over the assembly
Opportunities
• Due to flexibility it could handle maybe other 
products in the future
Threaths
• Tensile stress can get to high at the connection of 
the bridge with the outer frame
SWOT
Sixth concept gripper 
holder
Figure 63: SWOT-analysis of the sixth concept of the gripper holder. 
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XY-manipulations 
Two different systems were considered for the use of XY-manipulations: (a) the combination of 
SLM and SLE cylinders found in the FESTO catalogue, and (b) a design based on basic cylinders 
and guiding rails. A SWOT-analysis was carried out on both (Figure 64 and Figure 65).Out of these 
two options the basic cylinder + guiding rail was chosen. This was more favorable for the 
company in terms of maintenance and cost.  
 
Strenght






• Saving time in the design 
Threats
• Easy damage by operators
SWOT
SLM+SLE
Figure 64: SWOT-analysis considering SLM+SLE cylinders. 
Strenght
• Simple use of cylinders 
• More robust
Weaknesses
• Design of extra parts
Opportunities
• Saving money on the basic cylinders 
• Less maintenace 
Threats
SWOT
basic cylinder + guiding 
rails
Figure 65: SWOT-analysis considering basic cylinders + guiding rails. 
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4.2.4 The main concept of the final solution  
In this section, it will be described the final solution adopted more in detail. The problems starts 
again with the orientation of the injection machines. It was chose to put two manipulators and 
an injection machine in front of each other, as seen in Figure 66.  
  
The first designs that will be discussed are the jig for the first and second injection (Figure 67).  
 
 
Figure 66: Assembly of the final adopted solution. 
Figure 67: Top view of the jig for first and second injection. 
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The holders can be adjusted in position by removing the fastening bolts. They are built in two 
halves, fastened by two socket head cap screws in the middle. In Figure 68 it is possible to see 
how the support holders for the conduits are built up. They have been implemented in both 
designs two times, to assure enough support that the conduits will not deform. The end of the 
conduit holder for the first injection is practically the same as the support holder. The difference 
is that there is a stop at the end to assure that the conduit cannot move anymore (Figure 69a). 





The gripper system was the next in line to be developed. After weighing all possible solutions, it 
is possible to see the final solution in Figure 70. The most important factor for a successful design 
is an easy and quick setup. This is accomplished by using the scale for adjusting the height and 
also scale marks on the sides. The design also considered rotation of the parts due to the use of 






Top half  
Bottom 
half 
Figure 68: Support holders for both jigs. 













DEVELOPMENTS AND RESULTS 67
 
DEVELOPMENT OF AUTOMATIC MANIPULATORS FOR PLASTIC INJECTION MACHINES  ROBIN PENNE
 
 
The scrap grippers used in the system are based on a basic linear cylinder. A part is assembled 
on the cylinder, which follows its linear movement and is pushing against the top of the two 
grippers (Figure 71). Thus, when the cylinder is acting, the gripper is opening. Thus, when the 
cylinder is retracting, the gripper is closing. This is a real robust system as the linear cylinder only 
needs a small stroke and it is far more robust than the Festo’s DHPS clamping grippers earlier 
described. The cylinder selection was performed following the guide in the SMC catalogue 
(Figure 72) and the chosen cylinders summary can be seen in Table 8. 
 
 
Figure 70: Final concept of the gripping system. 
Inclination 
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Table 8: Ordering code for the CDQS compact cylinder for the scrap gripper. 
CDQSB20-5D  
C  




Mounting style (Through-hole/Both ends 
tapped common - Standard) 
20 20 mm Bore size  
5 5 mm stroke  
D Double acting  
 
The cylinders used for gripping the conduits are also from the same CDQS-series. The difference 
is that a male thread at the end of the cylinder to screw them into the locking gripper is being 
used in this work. The ordering data is summarised in Table 9. 
  
Table 9: Ordering code for the CDQS compact cylinder for the conduit gripper. 
CDQSB20-5DM  
C  




Mounting style (Through-hole/Both ends 
tapped common - (Standard) 
20 20 mm Bore size 
5 5 mm stroke 
D Double acting 
M Rod end male thread 
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To detect the position of the cylinders, sensors need to be mounted on the cylinders. There are 
a lot of possible sensors able to be used on the CDQS-series. The sensor is chosen by looking in 
an SMC catalogue again (Figure 73). It was found that D-M9-series perfectly fit the needs, as the 
mounting is direct and easy. A description of the chosen sensor can be seen in Table 10. 
 
 
Table 10: Ordering code for the D-M9 sensor family. 
D-M9PSAPC-595  
D-M9 Series of the chosen sensor 
P 3-wire, PNP 
SAPC 500 mm (M8 3 pin pre-wired) 
Figure 72: Screenshot out the SMC catalogue concerning the compact cylinder [30]. 
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The xy-manipulations are done by the use of a basic type rodless cylinder, guiding rails, a 
compact cylinder and appropriate designed parts around them (Figure 74).  
 
 
The selection process for cylinders started with the compact cylinder. The compact cylinder 
needs to be able to retract the total weight of the gripper system. The mass properties tool of 
Solidworks was used to determine the total weight of the gripper system (Figure 75). The 
compact cylinder needs to be able to retract approximately 10,9 kg of the gripper system. 
 
A look into the Festo’s catalogue (Figure 76) allows to see that the lowest limit would be a 
compact cylinder with a piston diameter of 16 mm. To make a more sustainable solution, a 
cylinder with a piston diameter of 40 mm was taken. The price will not be considerably more 
expensive, but the cylinder will have more ease in operation and increased lifetime. Thus, the 
theoretical retracting force at 6 bar is now 686 N and the advancing force 754 N. This is more 
















the holder of 
the lever arms 




Figure 73 : Screenshot out the SMC catalogue concerning the sensors for the 
compact cylinders.  
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to provide is taken at 50 mm, accompanied by a male thread where a self-aligning rod coupler 
is matched on to compensate angular and radial misalignment. The ordering code for the 
compact cylinder based on Figure 77 is defined in  
Table 11. 
 
Table 11: Ordering code for the ADN compact cylinder. 
ADN-40-50-A-P-A  
ADN Double-acting compact cylinder 
40 Piston diameter in mm 
50 Stroke in mm 
A Male thread 
P Flexible cushioning rings/pads at both ends 
A Position sensing via proximity sensor 
 
Figure 75: Mass properties of the gripper system. 
Figure 76: Theoretical forces for compact cylinders ADN [34]. 
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The ordering code for the self-aligning rod coupler can be determined out of the datasheet from 
the ADN-compact cylinder (Figure 78) and the datasheet from the self-aligning rod coupler 
(Figure 79). It is possible to see that the thread (KK) is M10x1.25. This is all the information 
needed to determine the self-aligning rod coupler. 
Figure 77: Ordering code information for compact cylinders ADN [34]. 
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After taking this decision, guiding rails are chosen based on the moment that they will initiate at 
the frame. Therefore, Solidworks® mass properties is used to calculate the total weight of the 
gripper system accompanied by the lever arms, the holder of the lever arms and the blocks 
where the holder of the lever arms is mounted on (Figure 80).  
Figure 78: Datasheet screenshot for the ADN-cylinder with  dimensions. 
Figure 79: Datasheet screenshot from the self-alligning rod coupler. 
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It is possible to conclude that the complete lever system will be around 12 kg. The sum of the 
gripping system weight with this will totalize (10,9+12) 22,9 kg, which will cause a bending 
moment. After checking the center of mass of this assembly, it is possible to see that the bending 
arm will be around 192 mm (Figure 81). Thus, making a quick calculation of the caused bending 
moment: M= 22,9 x 10 x 0,192 = 44 N·m. Thus, it will be needed to select guiding rails that can 
withstand this moment. 
Figure 80: Mass properties of the lever system. 
Figure 81: Arm of the caused moment of the total mass of the lever system and gripping system. 
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Looking in the catalog of linear guideways from HiWin® (Figure 82), it is possible to see that the 
moment that is important for this work is MR. In our case, the moment is 44 Nm, thus, the 
HGW15CA linear guide can resist a static rated moment of 120 Nm, which is more than sufficient. 




Last, the rodless cylinder needs to be selected, as the bending moment is supported by the 
guiding rails (Figure 83). It is necessary to check if the force supplied by the rodless cylinder is 
going to be sufficient to move the weight of the gripper system and the lever system.  
Figure 82: Linear guide selection based on the bending moment [35]. 
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The catalogue shows that a cylinder with bore size 25 mm has a theoretical output of 294 N. This 
is sufficient to move the lever and the gripper systems (see Figure 84).  
The order code following the guidelines in the datasheet (Figure 85) brings us to the selection 
seen in Table 12.  
Table 12: Ordering code for the basic rodless cylinder. 
MY1B25-500AZ  
MY1  
B Basic type 
25 Bore size in mm 
500 Cylinder stroke in mm 
AZ Stroke adjusting unit 
Moment absorbed by the 
guiding rails 
Figure 83: Rodless cylinder connection to the lever system 
Figure 84: Theoretical output of the rodless cylinder 
DEVELOPMENTS AND RESULTS 77
 
DEVELOPMENT OF AUTOMATIC MANIPULATORS FOR PLASTIC INJECTION MACHINES  ROBIN PENNE
 
 
Another important factor of the design is that the blocks have been split up into three parts. The 
reason behind this is some problems in the past with threads getting damaged. Thus, one part 
is in steel while the other two parts are in aluminium (Figure 86).  
 
The steel structure fastened on the Babyplast® injection machines is designed around the above-
described parts (Figure 87). The fastening to the Babyplast® is realised by welding a plate at the 
end of the steel structure and fastening it with bolts on to the Babyplast®. A plate is welded on 
the feet of the steel structure with thread inside. The plastic height-adjustable feet are inserted 
to eliminate bumps in the floor and create a solid structure. The plastic also absorbs vibrations. 
Figure 85: Ordering code for the rodless cylinder [30] 
Figure 86: Blocks where the lever  
system is mounted on. 
Steel 
Aluminium 
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Figure 87: Babyplast with the steel frame. 
Plate welded 
on the steel 
structure 






on top of 
the 
structure 
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4.2.5 Safety and environmental concerns 
The most important safety concerns are those related to the operators. Using a manipulator is 
going hand in hand with moving parts at a height where the operator can get hurt when there 
is not an appropriate safety design.  
 
The safety system designed around the conduit manipulator consists of safety fences, safety 
curtain and safety hinges. The lighting screens prevent the operator to walk in, as soon as the 
start button is pushed (Figure 88). When the operator is walking in after pushing the start 
button, all movements need to be stopped to provide safety. Holes were provided in the back 
of the safety fences to take out the filled scrap boxes. These holes are foreseen in the doors that 
are equipped with safety hinges (Figure 89). 
 
 
4.3 Mechanical design 
4.3.1 Components’ design  
The components that need to be designed can be identified by taking a closer look at the 






Figure 89: Back view of the safety structure. 
Safety 
hinges 
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The designed parts for the gripper system (Figure 90) that need to be manufactured can be 
found in Table 13. 
 
Table 13: Designed parts considering the gripper system. 
Nr. Description QTY Picture 
1 Longer_side_1 1 
 
2 Longer_side_2 1 
 
3 Short_side_gripping_system 1 
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10 Span_long_sides_gripper 2 
 
11 Mounting_plate_gripper 1 
 
12 Scrap gripper 2 
 
13 Lock_down_gripper 2 
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Nr. Description QTY Picture 
16 Fixed_distance_plate 2 
 
17 L_guidance_lock_gripper 4 
 








The above described quantities are for one gripper system. For the whole project, we need two 
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Scrap gripper  
The designed parts for the scrap gripper (Figure 91) that need to be manufactured can be found 
in Table 14. 
 
Table 14: Designed parts considering the scrap gripper. 
Nr. Description QTY Picture 
1 Height adjusting 1 
 
2 Gripper 2 
 
    
    
    
4 
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Nr. Description QTY Picture 
3 Extension_on_cylinder 1 
 
4 Bottom_scrap_gripper 1 
 
5 Top_scrap_gripper 1 
 
The above described quantities are for one scrap gripper. In one gripper system, there are two 
scrap grippers used. In the whole project comes this to a total of four scrap grippers. 
 
Lever system 
The designed parts for the lever system (Figure 92) that need to be manufactured, can be found 
in Table 15. 
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Table 15: Designed parts considering the lever system. 
Nr. Description QTY Picture 
1 Vertical_support_holder_guiding_rail 2 
 
2 Rod_for_block_linear_guide 2 
 
3 Fixing_plate_lever_arm 1 
 
4 Guiding_cylinder 3 
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8 Guiding_block_for_linear_guide 2 
 
9 Alu_block_2_lever_arm 1 
 
10 Holder_guiding_rail_cylinder 2 
 
11 Backplate_mounting_linear_guide 1 
 







14 Al_Blok1_lever_holder 1 
 
The above described quantities are for one lever system. The whole project consists of two 
lever systems.   
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Frame 
The designed parts for the frame around the injection machine that need to be manufactured 
can be found in Table 16. 
 
Table 16: Designed parts considering the frame. 
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Description QTY Picture 












The above quantities that are described are all for one complete frame. 
 
Jigs 
The designed parts for the lever system (Figure 93) that need to be manufactured can be found 
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Table 17: Designed parts considering the jigs. 
Nr. Description QTY Picture 
1 First_injection_top_jig 1 
 
2 Second_injection_botto m_ jig 1 
 
3 Middle_support_holder_jig_down 5 
 
4 Middle_support_holder_jig_up 4 
 
5 Cylinder_jig 4 
 
6 Second_injection_top_jig 1 
 
 
The described quantities in the above table are for both the jigs together. 
 
Next, some important notes considering all the 2D-drawings are provided. All the 2D drawings 
are drawn in the first angle projection. The standard used for part drawings is ISO 2768-mK 
(Annex 7.2.1). This standard is used as a general tolerance for linear and angular dimensions. 
Where more precise tolerance was needed, they are mentioned specifically on the drawings. 
The standard tolerance used for welding assemblies is ISO 19320-AE (annex 7.2.2). Most of the 
parts are designed out of AW6082 (aluminium alloy), S235JR (steel) and PTFE (polymer). It was 
chosen to take most of the parts in AW6082 only the St_block_holder_lever_arm and the frame 
are in S235JR to ensure the strength, and the locking gripper in PTFE to decrease the slip. The 
datasheets considering these materials can be found in annex 7.6. The way of presenting the 
roughness and welding has been cleared out in Annex 7.2.3 and Annex 7.2.4. 
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4.3.2 FEM analyses of the critical parts 
The finite element method is an analysis method that divides a complex mathematical problem 
into finite smaller problems. This method is used to predict how a design is going to react (stress, 
displacement,... ) under certain loads or other influences. Thus, after designing, it is possible to 
check if the design meets the requirements. A few FEM analyses for critical components in the 
structure are provided. Critical factors in my design are the miss alignment of the grippers due 
to deflection or failure of components due to concentration of tension.  
 
Before looking at the FEM analysis, it is worth to refer to the datasheet of AW6082. A yield point 
with a minimum value of 240 MPa can be found.  
 
Lever arm (Figure 94) 
The part is fixed at the holes. An external load (150 N), that is a bit more than the total weight 
of the system that is putting pressure on the arm is used as a reference to check the output of 
the analysis. As two arms will carry the load the 150 N will bi divided by 2, resulting in a load per 
arm of 75N.  
 
von Mises  
As previously mentioned, the yield point has a value of 240 MPa. It is possible to see that the 
value that occurs is only 4 MPa, which is a lot less than the yielding point, concluding that there 
is no problem in terms of stress here.  
 
Displacement 
To avoid misalignment, is it needed to make sure that there is not a remarkable displacement in 
the vertical direction. The maximal deflection is around 0.054 mm, causing no problem in the 
designed system. 
Figure 94: FEM analysis of the lever arm. 
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Vertical trapezium sides (Figure 95) 
The part is fixed at the top. An external load (110 N), the total weight of the system that is putting 
pressure on the sides, is used as a reference to check the output of the analysis. As there are 
four vertical trapezium sides that will carry the load (110 N), the load need to be divided by 4, 
resulting in a load of 27.5 N on one side.  
 
von Mises  
As previously mentioned, the yield point has a value of 240 MPa. The value that occurs is smaller 
than 1 MPa, which is a lot less than the yielding point, concluding that there is no problem in 
installed stresses here.  
 
Displacement 
To avoid misalignment, we need to make sure that there is not a remarkable displacement in 
the vertical direction. The maximal deflection is around 0.0004458 mm, causing no problem in 
the designed system.  
  
Figure 95: FEM analysis of the vertical side. 
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Middle support holder (Figure 96) 
 
The part is fixed at the sides. An external load of 12 N is the total weight of the parts that is 
assembled under the middle support holder, which is used as a reference to check the output 
of the analysis.  
 
von Mises  
As previously mentioned, the yield point has a value of 240 MPa. The value that occurs is less 
than 1 MPa, which is a lot less than the yielding point. Concluding that there is no problem 
regardinf the stress here.  
 
Displacement 
To avoid misalignment, it is necessary to make sure that there is not a remarkable displacement 
in the vertical direction. The maximal deflection is around 0.0007119 mm, causing no problem 




Figure 96: FEM analysis for the middle support holder. 
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Plate bridge (Figure 97) 
  
  
The part is fixed at the holes. An external load of 27,5 N is the total weight divided by four of the 
parts that is assembled under the plate of the bridge, which is used as a reference to check the 
output of the analysis.  
 
von Mises  
As previously mentioned, the yield point has a value of 240 MPa. The max value that occurs is 
11,8 MPa, which is a lot less than the yielding point. Concluding that there is no problem 
regarding the stress here.  
 
Displacement 
To avoid misalignment, it is necessary to make sure that there is not a remarkable displacement 
in the vertical direction. The maximal deflection is around 0.08694 mm, causing no problem in 






Figure 97: FEM analysis for the plate bridge. 
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4.3.3 Standard components used 
Besides the designed parts, a lot of standard components are also used, such as cylinders, bolts, 




The standard components that are used in the gripper system (Figure 98) can be found in Table 
18. 
 
Table 18: Standard components used in the gripper system. 
Description Standard length QTY 
Socket head screw ISO4762 M4x20 4 
Socket head screw ISO4762 M5x25 10 
Socket head screw ISO4762 M6x35 8 
Socket head screw ISO4762 M6x25 4 
Socket head screw ISO4762 M8x35 12 
Socket head screw ISO4762 M8x25 6 
Socket head screw ISO4762 M8x16 4 
Socket head screw ISO4762 M10x30 4 
Plain washer ISO10669 7.15-N 4 
Plain washer ISO10669 8.8-N 4 
CDQSB20-5DM   2 
CDQS20-CQ-M5x35L   8 
D-M9PSAPC-595   4 
Figure 98: Standard components used in the gripper system (exploded view). 
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As mentioned earlier with the designed componentes, the quantities that are mentioned here 
are for one gripper system. For the complete manipulator, for one injection machine, it will be 
needed two gripper systems.  
Scrap gripper 
The standard components that are used in the scrap gripper (Figure 99) can be found in Table 
19. 
Table 19: Standard components used in the scrap gripper. 
Description Standard Length QTY 
Socket head screw DIN912 M5x30 2 
Socket head screw ISO4762 M4x25 1 
Socket screw flat point DIN913 M5x12 1 
CDQSB20-5D   1 
D-M9PSAPC-595   2 
 
There are four scrap grippers in the two required gripper systems that are required in the whole 
manipulator for one injection machine. 
 
Lever system 
The standard components that are used in the scrap gripper (Figure 100 ) can be found inTable 
20. 
Figure 99: Standard components used in the scrap gripper (exploded view). 
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Table 20: Standard components used in the lever system. 
Description Standard Length QTY 
Socket head cap screw ISO4762 M4x16 22 
Socket head cap screw ISO4762 M4x25 6 
Socket head cap screw ISO4762 M5x16 14 
Socket head cap screw ISO4762 M5x50 12 
Socket head cap screw ISO4762 M6x25 7 
Socket head cap screw ISO4762 M8x20 8 
Socket head cap screw ISO4762 M8x30 12 
Plain washer ISO10669 8.8-N 12 
536296 ADN-40-50-A-P-A   1 
INAFAG_KH20   6 
HGW15CA1R630ZAC   2 
MY1B25-500AZ   1 
6140 FK-M10X1.25   1 
SMT-8M-A-PS-24V-E-0,3-
M8D 
  2 
D-M9PSAPC-595   2 
 
Figure 100: Standard components used in the scrap gripper (exploded view). 
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As mentioned before, the manipulator system consists of two lever systems for one injection 
machine. The quantities that are mentioned above are only for one lever system. 
Assembly gripper + lever + energy chain 
To make the connection between the gripper and lever system, some standard components are 
used as well for connecting the energy chain (Figure 101). These are defined in Table 21. 
 
 
Table 21: Standard components used in the connection between the lever system, gripper system and the energy 
chain. 
Description Standard Length QTY 
Hex bolt grade b ISO4015 M10x50 4 
Hex bolt grade b ISO4015 M8x30 4 
Torque nut ISO7040 M8 4 
Torque nut ISO7040 M10 4 
Plain washer ISO10673 11-N 4 
Plain washer ISO10669 8.8-N 4 
300A025060_A300A025KM_500_01   1 
Socket head cap screw ISO4762 M5x10 4 
Socket head cap screw ISO4762 M5x12 4 
Torque nut ISO7040 M5 2 
 
As earlier mentioned, the quantities that are mentioned above are considering the connection 
between one energy chain, one gripper system and a lever system. Thus, for the complete 
manipulator, we will need to take this into consideration. 
Figure 101: Standard components used in the connection between the gripper and lever system (exploded view). 
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Jigs 
The standard components used in the jig for the first (Figure 102) and second injections (Figure 
103) are defined in Table 22 and Table 23.  
 
Table 22: Standard components used in the jig for the first injection. 
Description Standard Length QTY 
Socket head cap screw ISO4762 M6x35 6 
Magnets   12 
 
 
Table 23: Standard components used in the jig for the second injection. 
Description Standard Length QTY 
Socket head cap screw ISO4762 M6x35 6 
Magnets   12 
Figure 102: Standard components used in the gabarrit for the first injection. 
Figure 103: Standard components used in the jig for the second injection. 
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The quantities described above are for the complete manipulator system as we only designed 
these two jigs for the manipulator system.  
 
Frame connection to lever system + gripper system +feet 
The standard components used to make the connection to the lever and gripping systems, as 
well as feet (Figure 104), are defined in Table 24.  
Table 24: Standard components used in the connection of the frame to the other systems. 
Description Standard Length QTY 
Hex screw grade c ISO4018 M12X60 24 
Hex screw grade c ISO4018 M12x30 24 
Torque nut ISO7040 M12 48 







Figure 104: Standard components used in the connection between the frame and the lever- and gripping systems. 
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Safety system 
All the standard components used considering the frame for the safety equipment (Figure 105) 
are defined in Table 25. 
 
Table 25: Standard components used un the safety system. 
Description Standard Length [mm] QTY 
Torque nut ISO7040 M8 8 
T-bolt DIN186 M8x30 8 
0019657_Handle_PA_160   2 
0019664_Adjustable_Foot_8_PA_h=50   12 
0043692_Clamp_profile_8_40x40_E  40x40x1650 4 
TESK-ZS   2 
TESK-SU-12ST1   2 
0047463_Bracket_80x40x20_Zn   2 
0068096_Fastening_Set_8_2- 
5mm_with_Countersunk_Screw_M8 
  52 
0066635_Bracket_8_40_flat   26 
0043692_Clamp_profile_8_40x40_E  40x40x150 4 
0043692_Clamp_profile_8_40x40_E  40x40x1100 4 
0043692_Clamp_profile_8_40x40_E  40x40x330 4 
0042995_Clamp_Profile_8_40x40-180  40x40x826 4 
0043692_Clamp_profile_8_40x40_E  40x40x826 4 
0061797_Profile_8_40x40_F14_light  40x40x915 4 
0061797_Profile_8_40x40_F14_light  40x40x2000 4 
0043692_Clamp_profile_8_40x40_E  40x40x200 4 
0044476_Clamp_Profile_fastener_8_40x40_E   28 
0043692_Clamp_profile_8_40x40_E  40x40x915 4 
0043692_Clamp_profile_8_40x40_E  40x40x2000 8 
Corrugated mesh    
Figure 105: Standard components used in the safety system. 
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4.3.4 Assembly procedure 
The assembly needs to be correctly performed to prevent equipment malfunction or even 
catastrophic failure. Thus, the entire assembly needs to be carried out according to the 
mechanical design. There were already some exploded views seen earlier that can help but the 




The scrap gripper is assembled according to the exploded view, as seen in Figure 106. The 




The gripper system is assembled according to Figure 107. The comments on the side are the 
fastening components needed to be used. 
 
Cap screw M5x30 
Cap screw M4x25 
Prevailling torque nut M5 
Prevailling torque nut M5 
Socket set screw flat 
M5x12 
Cap screw M5x50 
Figure 106: Assembly of the scrap gripper. 
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Lever system 
The lever system is assembled according to Figure 108. The comments on the side are the 
fastening components that are used. 
 





















Figure 107: Assembly of the gripper system. 
Cap screw M6x25 
Cap screw M4x25 
Cap screw M5x50 
Cap screw M4x16 
Cap screw M5x16 
Cap screw M8x20 
Cap screw M6x25 
Cap screw M8x30 
+ washer 8.8-N 
Figure 108: Assembly of the lever system. 
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Connection lever system to the gripper system and energy chain (caterpillar) 
The connection between the energy chain, lever system and gripper system are assembled 
according to Figure 109. The comments on the side are the fastening components that are used. 
 
Connection of the steel structure to  the rest of the previous sub-assembly  
The connection between the steel structure and the previously described assembly can be seen 
in Figure 110. The comments on the side are the fastening components that are used. 
  
Hex bolt M10x50 
Hex bolt M8x30 +washer 8.8-N 
Prevailling torque nut M10 Prevailling torque nut M8 





Figure 109: Assembly of the connection of the energy chain, lever system and gripper system. 
Hex bolt M12x60 
Hex nut M12 
Hex nut M12 
Hex bolt M12x30 
Figure 110: Connection of the sub-assembly to the steel structure. 
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Overview of the whole assembly 






Figure 111: Final assembly of the manipulator system. 
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4.4 Automation design 
4.4.1 Grafcet diagram (mode of operation)  
Looking at Figure 112, the working of one side of the machine is explained. Thus, the working 
principle is as follows: 
 Push start; 
 Cylinder G is recognised in position g1 after the injection; 
 Cylinder A, B, C, D, E, F in postion a0, b0, c1, d1, e0 and f0;  
 Cylinder B goes down from b0 to b1 to go over the conduits;  
 Clamping of the conduits due to cylinders C,D,E,F are going from postion c1, d1, e0, f0 
to c0, d0, e1, f1; 
 Cylinder B goes up from b1 to b0;  
 Cylinder A goes from left to right, from a0 to a1;  
 Clamps are opened to lose the conduits due to cylinders C, D, E, F are going from position 
c0, d0, e1, f1 to c1, d1, e0, f0; 
 Everything goes back to the first position,e.g., cylinder A, B, C, D, E, F in postion a0, b0, 
c1, d1, e0 and f0.  
This routine goes the same way for the other side of the machine, when cylinder G is in position 
g0 instead of g1 after the injection.  
 
 
Looking at Figure 113 the actuators (cylinder) are all given a name used to explain all of the 




Figure 112: Explanation of the movements of the cylinders (1-side). 
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Figure 114: Grafcet diagram of the complete manipulator in symbols 
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4.5 Energy consumption 
As earlier mentioned, the energy consumption was one of the reasons that the company 
purchased the new “BabyPlast” injection machines. A comparison has been carried out between 
the current situation and how the future situation will look like between the old injection 
machines (Fiser) with a capacity of eight injections at once and the new injection machines 
(BabyPlast) with a capacity of four injections at once. The comparison will include the energy 
consumption and the parts produced per hour. 
 
Table 26: Electrical data collected from the injection machines. 
 Babyplast® Fiser® 
 Time (s) I(A) Time (s) I(A) 
 0 2,1 0 25,1 
 1 1,9 1 27,1 
 2 1,9 2 34,7 
 3 2,1 3 35,2 
 4 3,8 4 29,1 
 5 5 5 46,6 
 6 3,1 6 37,5 
 7 3,1 7 29,7 
 8 3 8 39,7 
 9 2,9 9 41 
 10 2,7 10 32,1 
 11 3,4 11 26,7 
 12 4,5 12 25,2 
 13 4,7 13 25,2 
 14 3 14 25,1 
 15 2,9 15 25,1 
 16 3,6 16 28,1 
 17 4,4 17 27,5 
 18 4,5 18 25,5 
 19 4,9 19 25 
 20 5,2 20 25 
 21 4,4 21 31,5 
 22 4,6 22 34,7 
 23 5,2 23 34,6 
 24 3,5 24 37 
 25 2,5 25 46,2 
 26 2,3 26 41,7 
 27 2,1 27 39,2 
 28 2,1 28 39,4 
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 Babyplast® Fiser® 
 Time (s) I(A) Time (s) I(A) 
 29 2,1 29 35,5 
 30 1,9 30 42,5 
 31 2,1 31 27 
Average current (A)  3,30  32,67 
 
The other information needed to calculate the energy consumption can be found on the 
nameplates (Figure 115).From the nameplates (Figure 115) we can see that the machines are 
both working at 400V at 50Hz. The average amperage is calculated by taking the sum of the 
amperages divided through the time interval. A summary of the collected information from the 
nameplates and collected data can be found in Table 27. The power and energy consumption of 
the injection machine was calculated as followed: 
 
  √3 ∗ 
 ∗  ∗  (1) 
 
ℎ  √3 ∗ 
 ∗  ∗  ∗ 24/1000 (2) 
 
where Cosφ=1 in the equations, as we are only converting it to resistive energy. 
Table 27: Energy consumption using the nameplates and the collected measurement data. 
 Babyplast® Fiser® 
Unom (V) 400 400 
Iavg (A) 3,30 32,67 
Power (W) 2284,14 22635,74 
Energy consumption of the 
injection machine (kWh) 
54,82 543,26 
 
From Table 27 it is possible to conclude that the energy consumption from the BabyPlast® 
injection machine is ca. 10x smaller or there is a reduction of 89,9% in energy consumption. 
However, to compare the current situation to the future situation, it is needed to take two 
Figure 115: Nameplate injection machines. 
a
b
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BabyPlast® injection machines into account. The company has the objective of 1000 injections 
per hour for the Fiser® injection machine and 750 injections per hour for the BabyPlast® injection 
machine. But it is really optimistic to think we can just mulitiply the objective, of 750 injections, 
by 2. In order to make a correct assumption, a cycle time overview has been set out (annex 7.7). 
In the annex it is possible to see the theoretical speed of the cylinders, the practical injection 
time and the practical time to put in the conduits. If it is set out these times, it is possible to 
observe some overlap in the cycle times of the machines. Thus, the machines will not work at 
full capacity. Nevertheless, checking how many overmoulded products can be made per minute 
and converting it to an hour gives rise to the results presented in Table 28. It is defined the 
energy consumption and the injections per hour in the two situations. A decrease of 79,82% in 
energy consumption and an increase of 12% in parts injected per hour has been identified. 
 
Table 28: Comparison between the current and future situation in the function of energy consumption and 
injections per hour. 
 
Current situation 
1 x Fiser® 
Future situation 
2 x Babyplast® 
Energy consumption[kWh] 543,26 109,64 
Overmoulded parts per hour 
[#] 
1000 1120 
Reduction of energy 
consumption [%] 
79,82% 




The increase in injected parts and the reduction in energy consumption make it clear why this 
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4.6 Manual of operation and safety conditions 
Before putting the equipment into operation, we need to check some points such as :  
 Check that there are no obstructions for the mobile equipment and the linear guiding 
elements, to avoid eventual failures; 
 Confirm that the only conduits present in the equipment, are from the reference that is 
intended to be produced;  
 Clean the workstation.  
After the previously mentioned checks, the operator still needs to perform some actions such 
as the setup of the equipment seen in Table 29. 
 
Table 29: Actions that need to be carried out before putting the machine into operation. 
Description 
Adapt the jig to the desired reference and 
length of conduit that needs to be produced. 
Replacement of the injection mould to the 
type of end of conduit that needs to be 
overmoulded.  
Change the distance between the grippers to 
the required position depending on the 
length of the conduit.  
Put the equipment into operation. 
The operation of the machine must be in a way that there are no situations that could damage 
the equipment or even more important, damaging the physical health of the operator. To obtain 
this “safe” way of working we need to comply with certain standards. During the operation of 
the machine equipment, safety rules need to be followed. Some fundamental instructions that 
need to be followed:  
 Getting familiar with the functions of the machine; 
 Do not remove mobile and / or fixed protections as well as safety devices present in the 
equipment, without the power sources being properly disconnected; 
 Regularly check that the guards and safety devices are in the correct position and in 
perfect working condition; 
 Do not put your hands next to moving elements;  
 Maintenance or cleaning of the machine must not be carried out while the machine is 
in operation. Moving elements can cause accidents; 
 Keep the equipment and the surrounding area clean and free of residues or objects; 
 Keep the electrical panel closed;  
 Respect the signs on the machine.  
Respecting the signs on the machine is important to ensure the safety and wellbeing of the 
operator. Through these indications, the operator will be able to adapt his behavior in order to 
avoid accidents at the worksite. In Table 30 some of the signages found in the equipment are 
presented. Safety signs are intended to make you aware of hazards, obligations or prohibitions.  
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Protective goggles. Mandatory use of eye protection when using the 
equipment.  
 
Hearing protection. Mandatory use of hearing protection while the 
equipment is in operation.  
 
 Protective clothing. Whenever in contact with the equipment the 
operator must wear protective clothing.  
 
Protective gloves. Informs the operator of mandatory use of 
protective gloves while operating the equipment.  
 
Protective helmet. The use of a protective helmet is mandatory while 
carrying out maintenance actions.  
DANGER 
 
The danger of projections. Warns the operator of the existence of a 
place where there may be particle projection. 
 
General danger. Signs that warn the operator of the existence of 
various hazards in the location where the sign is. 
 
Hot surfaces. Warns the operator of hot surfaces on the equipment.  
 The danger of electrocution. When an action needs to be performed 
where this signal is present, it must be ensured that the equipment is 
not powered by electrical current. 
 
Risk of crushing due to displaceable components. Where these signs 
are present, it is strictly forbidden to place your hands or any part of 
your body if the equipment is in operation.  
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Regarding the emergency stops, they should not be used as a normal way to turn off the 
equipment. Only activate them in dangerous situations, both for the equipment and the 
operator itself. Resetting the equipment may not start the cycle. This action will be carried out 
by the operator using the start button.  
4.7 Manual of maintenance  
The definition of maintenance is, according to BS EN 13306:2017, “A combination of all 
technical, administrative and managerial actions during the life cycle of an item intended to 
retain it in, or restore it to, a state in which it can perform the required function.” 
Good maintenance can be qualified as guaranteeing the previously mentioned conditions 
against the lowest cost possible. Maintenace should be taken into account from the design 
phase onwards. When the machine is put into production, we will need to monitor the machine 
permanent or periodic to assure the health of the equipment. When a defect or impermissible 
wear occurs, repairs or preventive actions need to be carried out. A bunch of those actions can 




By following the earlier preventive actions, it will certainly be possible to assure a greater 
lifetime for the equipment. However, following these guidelines can not prevent an equipment 
break down at some point. In this case, it will be necessary to fix it as efficiently and quickly as 
possible.  
 
Table 31: Preventive actions. 
Action Periodicity 
Control of air leaks in all pneumatic 
equipment (Tubes, connectors and 
Actuators). 
Monthly 
Check the tightness of screw connections. Every six months 
Lubrication of moving parts. Monthly 
Check linear guidance systems for debris and 
lubricate the system. 
Weekly 
Inspection of electronic components. Quarterly 
Checking the wear of the parts in use. Quarterly 
Cleaning of equipment and work station. Weekly 
Conducting tests and verification tests after 
preventive actions. 
Every six months 
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Finally, the safety of the operator and eventually the maintenance technician needs to be 
assured. To ensure this, some rules need to be followed such as mechanical blocking, cut-off 
electricity supply, avoiding the unwanted activation of the equipment during the maintenance. 




4.8.1 Methodology of total cost calculation of the manipulator system 
The price calculation is split up into two main sections, the price quotation of standard 
components and the price of the designed components. The price quotations of the standard 
components can be found in annex 7.1. The cost of the designed components is based on an 
estimated value of the price per kg of the material that is used and an estimated cost of the 
machining process needed to produce the components (annex 7.3.5 and annex 7.3.6). 
Nevertheless, to have an idea of ordering material in the future, the parts that are needed were 
put in a nesting program to see how much of standardized plates will be needed (annex 7.4) .  
 
4.8.2 Return on investment (ROI) 
The evaluation of the efficiency of a project is done by calculating the ROI [36]. Data concerning 











Operator salary 1 14 000,00 € 3 42 000,00 € 
Energy    27 939,05 € 
Set-up    28 800,00 € 
Raw material waste in set-
up and start of production 
   960,00 € 
Raw material consumption    5192,00 € 
Maintenance    7003,00 € 
Total    111 894,05 € 
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Data concerning the expected future yearly operating cost (2x BabyPlast®) can be seen Table 33. 
 




Cost/year/shift shifts Cost/year 
Operator salary 1 14 000,00 € 3 42 000,00 € 
Energy    5638,62 € 
Set-up    19 200,00 € 
Raw material waste in set-
up and start of production 
   122,80 € 
Raw material consumption    2546,00 € 
Maintenance    1050,00 € 
Total    70 557,42 € 
 
Table 34: Comparison energy cost  per year. 
 Current situation Future situation 




Total days per year 365 365 
Cost [€/kWh] 0,14 € 0,14 € 
Total energy cost/year 27 939,05 € 5638,62 € 
 
 
 Lifetime of the project: 8 years. 
 The project will reduce the amount of consumed energy and increase the production 
rate. 
 
Calculation of the ROI: 
Knowing the total cost of the project (36 047,95 €), the return of investment can be calculated. 
 
  ((  ! "#$!#$ − $  "#$!#$)/($  "#$!#$)) ∗ 100 (3) 
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The costs that can be cut off the current situation over the lifetime of the project is defined as 
the gain from the investment. This is a total of 330 693,04 € = (8*41 336,63 €). Due to the 
increase in production rate, some extra gains are accomplished. Assuming there is 1 € gain on a 
complete Bowden Cable, 15% of gain is made on the overmoulded conduit resulting in a total 
gain for each overmoulded conduit of 0,15 €. As we concluded before the production goes from 




















−  8 760 000
'#($
-# 





This results in an extra gain of (1 051 200 x 0,15 €) 157 680,00 € each year. Over the lifetime of 
8 years it is 1 261 440,00 €. Putting this together with the saved money on operating costs it is 
resulting in (1 261 440,00 € + 330 693,04 €) 1 592 133,04 € of gain.  
The cost of investment is the total cost of the project (36 047,95 €). 
 
 
  ((1 592 133,04€ − 36 047,95 €)/36 047,95) ∗ 100  4316,70%  
 
Looking at the results of the ROI, the efficiency amounts 4316,70% which means that it is a smart 
investment. 
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5 Conclusions 
The automation of processes that can replace manual labour is an important factor in the 
industry. By implementing automation, it is possible to increase the productivity and quality of 
the products while reducing the production cost per unit. The automotive sector is competitive.  
 
This is why the manufacturers of Bowden cables, are always seeking for improvements in their 
production process. They want to increase the production capacity but also staying flexible to 
be able to make different product references with different lengths. Also the greener aspect of 
the concept is important for the company. Thus, the energy reduction that is accomplished using 
the smaller injection machines (Babyplast®) is really important. 
 
The design of the equipment is done by analyzing different concepts in function of productivity, 
quality, safety, cost, and so on. The goals concerning this concept are described below, as well 
as the achievements made regarding each goal, as can be seen in Table 35. 
 
 
Table 35: Evaluation of the goals 
Goal Conclusion Evaluation 
Being able to make different 
lengths of the same 
reference. 
The developed manipulator and jig allows 
us to carry out one reference with 
different lengths.  
Good accessibility for 
maintenance and cleaning of 
equipment. 
There are two doors in the back of the 
machine to provide good accessibility.  
 
Eliminating the task of taking 
out the conduits of the 
mould and putting them in a 
storage box. 
With the older equipment is was 
necessary to take out the overmoulded 
conduits and put them in storage boxes. 
In the new concept, this operation is 
done automatically. 
 
Present the lowest possible 
investment cost, 
safeguarding an optimal 
compromise between the 
productivity and the 




Taking all the factors mentioned earlier 
into consideration, the investment is paid 
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Goal Conclusion Evaluation 
Guaranteeing safety for the 
operator in case of failure of 
any the systems 
The equipment follows Directive 2006/42 
/ EC of the European Parliament and of 
the Council of 17 May 2006, which 
ensures that the operator's safety is 
ensured 
 
Using the supplier preferably 
used by the company. 
Most of the suppliers asked by the 
company are followed such as SMC, 
ITEM, Brevetti Stendalto, …   
One person needs to be able 
to work at two BabyPlast 
injection machines. 
By taking the previously mentioned 
manual repetitive task of taking out the 
conduits away by automating the task, 
one person can put in the conduits at two 
BabyPlast injection machines.  
 
Reduction in energy 
consumption. 
By implanting the new Babyplast® 
machines the energy consumption goes 
from 543,26 kWh to 54,82 kWh, resulting 
in an energy reduction of 79,82%.   
Improvement in the 
productivity of injections per 
hour. 
The new concept has the objective to 
inject 1120 times per hour compared to 
1000 injections per hour of the current 
concept. This results in an increase of 
12% in injections per hour. 
 
 
Thus, it can be concluded that the main objectives are achieved. Primarily, that one operator 
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7.1 Price quotations 
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7.2 Drawing information 
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7.3 Calculation of the total cost of the manipulator system 
 
7.3.1 Cost of the sub-assemblies 
We can check the price of the different assemblies in the following sections separately. In the 
end, these are summed up to calculate the total cost of the project. 
7.3.1.1 Gripper system 
Designed components 
 


















Longer_side_1 1 5,78 € 38,50 € 46,20 € 57,75 € 78,14 € 78,14 € 
Longer_side_2 1 5,78 € 38,50 € 46,20 € 57,75 € 78,14 € 78,14 € 
Short_side_grip
ping_system 
1 3,69 € 16,00 € 19,20 € 24,00 € 34,06 € 34,06 € 
Side_holder_scr
ap_gripper 
2 3,69 € 19,25 € 23,10 € 28,88 € 40,05 € 80,11 € 
Middle_holder_
scrap_gripper 
















1 3,35 € 23,50 € 28,20 € 35,25 € 47,48 € 47,48 € 
Span_long_side
s_gripper 
2 2,64 € 13,75 € 16,50 € 20,63 € 28,62 € 57,23 € 


























1 2,32 € 10,50 € 12,60 € 15,75 € 22,23 € 22,23 € 
Scrap gripper 2   -   € -   € 405,49 € 810,98 € 
Lock_down_grip
per 
2 0,11 € 17,00 € 20,40 € 25,50 € 31,50 € 63,00 € 
Lock_up_grippe
r 




2 1,79 € 19,25 € 23,10 € 28,88 € 37,72 € 75,44 € 
Fixed_distance_
plate 
2 3,33 € 33,00 € 39,60 € 49,50 € 64,98 € 129,96 € 
L_guidance_loc
k_gripper 
4 1,37 € 21,50 € 25,80 € 32,25 € 41,35 € 165,41 € 




2 0,42 € 27,25 € 32,70 € 40,88 € 50,79 € 101,59 € 





Table 37: Price calculation of the standard components of the gripper system. 






Socket head screw ISO4762 M4x20 4 0,03 € 0,03 € 0,14 € 
Socket head screw ISO4762 M5x25 10 0,03 € 0,03 € 0,33 € 
Socket head screw ISO4762 M6x35 8 0,04 € 0,04 € 0,36 € 
Socket head screw ISO4762 M6x25 4 0,04 € 0,04 € 0,17 € 
Socket head screw ISO4762 M8x35 12 0,05 € 0,07 € 0,80 € 
Socket head screw ISO4762 M8x25 6 0,05 € 0,07 € 0,40 € 
Socket head screw ISO4762 M8x16 4 0,05 € 0,07 € 0,27 € 
Socket head screw ISO4762 M10x30 4 0,10 € 0,13 € 0,51 € 
Plain washer ISO10669 7.15-N 4 0,00 € 0,01 € 0,02 € 
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CDQSB20-5DM   2 19,36 € 23,81 € 47,63 € 
CDQS20-CQ-
M5x35L 
  8 0,21 € 0,26 € 2,07 € 
D-M9PSAPC-595   4 11,59 € 14,26 € 57,02 € 
Scrap gripper   2  51,83 € 103,65 € 
   Total standard parts 213,38 € 
7.3.1.2 Scrap gripperesigned components 
 



















Height adjusting 1  0,20 €   15,75 €   18,90 €   23,63 €   29,30 €   29,30 €  
Gripper 2  0,08 €   49,25 €   59,10 €   73,88 €   90,96 €   181,93 €  
Extension_on_cylinder 1  0,05 €   5,75 €   6,90 €   8,63 €   10,67 €   10,67 €  
Bottom_scrap_gripper 1  0,36 €   50,00 €   60,00 €   75,00 €   92,70 €   92,70 €  
Top_scrap_gripper 1  0,40 €   49,00 €   58,80 €   73,50 €   90,89 €   90,89 €  
    Total designed parts 405,49 € 
Standard components 
Table 39: Price calculation of the standard components of the scrap gripper. 




Socket head screw ISO4762 M5x50 4 0,06 € 0,07 € 0,28 € 
Socket head screw DIN912 M5x30 2 0,03 € 0,04 € 0,08 € 
Socket head screw ISO4762 M4x25 1 0,03 € 0,04 € 0,04 € 
Socket screw flat 
point 
DIN913 M5x12 1 0,03 € 0,04 € 0,04 € 
CDQSB20-5D   1 18,56 € 22,83 € 22,83 € 
Prevailing torque ISO10511 M5-N 2 0,02 € 0,02 € 0,04 € 
Prevailing torque ISO10511 M4-N 1 0,01 € 0,01 € 0,01 € 
D-M9PSAPC-595   2 11,59 € 14,26 € 28,51 € 
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7.3.1.3 Lever systemdesigned components 
 





















2  0,68 €   25,00 €   30,00 €   37,50 €   46,96 €   93,92 €  
Rod_for_block_linea
r_guide 
2  0,02 €   10,00 €   12,00 €   15,00 €   18,47 €   36,95 €  
Fixing_plate_lever_a
rm 
1  3,86 €   24,75 €   29,70 €   37,13 €   50,41 €   50,41 €  
Guiding_cylinder 3  0,89 €   8,00 €   9,60 €   12,00 €   15,85 €   47,56 €  












1  3,33 €   28,50 €   34,20 €   42,75 €   56,68 €   56,68 €  
Guiding_block_for_li
near_guide 
2  0,10 €   24,75 €   29,70 €   37,13 €   45,79 €   91,57 €  
Alu_block_2_lever_a
rm 
1  2,52 €   26,25 €   31,50 €   39,38 €   51,53 €   51,53 €  
Holder_guiding_rail_
cylinder 
2  6,49 €   38,50 €   46,20 €   57,75 €   79,02 €   158,03 €  
Backplate_mounting
_linear_guide 
1  8,45 €   19,50 €   23,40 €   29,25 €   46,37 €   46,37 €  
Lever_arm 2  10,13 €   65,50 €   78,60 €   98,25 €   133,31 
€  
 266,61 €  
St_block_holder_lev
er _arm 
1  6,89 €   38,50 €   46,20 €   57,75 €   79,51 €   79,51 €  
Al_Blok1_lever_hold
er 
1  6,64 €   28,50 €   34,20 €   42,75 €   60,75 €   60,75 €  
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Table 41: Price calculation of the standard components of the lever system. 





Socket head screw ISO4762 M4x20 4  0,03 €   0,03 €   0,14 €  
Socket head screw ISO4762 M5x25 10  0,03 €   0,03 €   0,33 €  
Socket head screw ISO4762 M6x35 8  0,04 €   0,04 €   0,36 €  
Socket head screw ISO4762 M6x25 4  0,04 €   0,04 €   0,17 €  
Socket head screw ISO4762 M8x35 12  0,05 €   0,07 €   0,80 €  
Socket head screw ISO4762 M8x25 6  0,05 €   0,07 €   0,40 €  
Socket head screw ISO4762 M8x16 4  0,05 €   0,07 €   0,27 €  
Socket head screw ISO4762 M10x30 4  0,10 €   0,13 €   0,51 €  
Plain washer ISO10669 7.15-N 4  0,00 €   0,01 €   0,02 €  
Plain washer ISO10669 8.8-N 4  0,00 €   0,01 €   0,02 €  
CDQSB20-5DM   2  19,36 €   23,81 €   47,63 €  
CDQS20-CQ-M5x35L   8  0,21 €   0,26 €   2,07 €  
D-M9PSAPC-595   4  11,59 €   14,26 €   57,02 €  
Scrap gripper   2   51,83 €   103,65 €  
   Total standard parts 213,38 € 
  
7.3.1.4 assembly gripper+lever+energychain 
Designed components  
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Standard components 
Table 43: Price calculation of the standard components of the connection between energy chain, lever system and 
gripper system. 








Hex bolt grade b ISO4015 M10x50 4  0,10 €   0,13 €   0,51 €  
Hex bolt grade b ISO4015 M8x30 4  0,05 €   0,07 €   0,27 €  
Torque nut ISO7040 M8 4  0,02 €   0,03 €   0,12 €  
Torque nut ISO7040 M10 4  0,06 €   0,07 €   0,29 €  
Plain washer ISO10673 11-N 4  0,02 €   0,02 €   0,08 €  
Plain washer ISO10669 8.8-N 4  0,00 €   0,01 €   0,02 €  
300A025060_A300A025K
M_500_01 
  1  53,38 €   65,66 €   65,66 €  
Socket head cap screw ISO4762 M5x10 4  0,03 €   0,04 €   0,16 €  
Socket head cap screw ISO4762 M5x12 4  0,03 €   0,04 €   0,15 €  
Torque nut ISO7040 M5 2  0,02 €   0,02 €   0,04 €  




Designed components  






















Frame_right 1 93,56 € 90,00 € 108,00 € 135,00 € 281,12 € 281,12 € 
Frame_left 1 93,56 € 90,00 € 108,00 € 135,00 € 281,12 € 281,12 € 
Top_plate_frame 2 3,94 € 9,00 € 10,80 € 13,50 € 21,45 € 42,90 € 
Bottom_plate_frame 2 3,94 € 7,50 € 9,00 € 11,25 € 18,68 € 37,37 € 
Front_plate_frame 2 2,94 € 9,00 € 10,80 € 13,50 € 20,22 € 40,44 € 
Mounting_start_butt
on 




2 1,00 € 14,75 € 17,70 € 22,13 € 28,44 € 56,89 € 
Connection_plate_st
art _and_babyplast 
2 0,77 € 23,75 € 28,50 € 35,63 € 44,77 € 89,53 € 






























4 1,41 € 5,50 € 6,60 € 8,25 € 11,88 € 47,53 € 
L-profile-
40x40x2x305 
4 0,40 € 5,50 € 6,60 € 8,25 € 10,64 € 42,56 € 
Welding_plate_for_f
eet 
8 0,27 € 17,00 € 20,40 € 25,50 € 31,70 € 253,58 € 






Table 45: Price calculation of the standard components of the frame. 




Hex screw grade c ISO4018 M12X60 24 0,12 € 0,15 € 3,51 € 
Hex screw grade c ISO4018 M12x30 24 0,08 € 0,09 € 2,21 € 
Torque nut ISO7040 M12 48 0,07 € 0,09 € 4,31 € 
4901/4/C   8 13,48 € 16,58 € 132,64 € 






Designed components  





















1 2,05 € 43,75 € 52,50 € 65,63 € 83,24 € 83,24 € 
Second_injection_b
ottom_gabarrit 




























5 2,05 € 41,50 € 49,80 € 62,25 € 79,09 € 395,45 € 
Middle_support_ho
lder _gabarrit_up 
4 2,05 € 45,25 € 54,30 € 67,88 € 86,01 € 344,03 € 
Cylinder_gabarrit 4 2,32 € 2,00 € 2,40 € 3,00 € 6,54 € 26,17 € 
Second_injection_t
op_gabarrit 
1 2,32 € 167,50 € 201,00 € 251,25 € 311,89 € 311,89 € 






Table 47: Price calculation of the standard components of the frame. 





Socket head cap 
screw 
ISO4762 M6x35 12  0,04 €   0,04 €   0,54 €  
Magnets   24  3,00 €   3,69 €   88,56 €  
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7.3.1.7 Safety design  
The cost of the complete safety design is €4459,33. This price includes all the materials such as 
the frame, the safety screen, etc. (Annex 7.1.1) 
 
 
7.3.2 Cost to assemble the manipulator  
The total cost to assemble the manipulator on one injection machine is estimated to be around 
1152,00 € (Table 48).  
 
Table 48: Estimated assembly cost 
 Days Hours/ day Cost/hour Total Cost 
Assembly cost 8 8/day 18 €/hour 1152,00 € 
 
 
7.3.3 Cost for welding 
The total cost to weld the frame to one injection machine is estimated to be around 432,00 € 
(Table 49 ).  
 
Table 49: Estimated welding cost 
 Days Hours/ day Cost/hour Total Cost 
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7.3.4 Total cost of the project  
 




Total cost for 2 injection machines 
gripper system 4 2364,41 € 9457,64 € 




4 75,71 € 302,84 € 
frame 2 1347,85 € 2695,71 € 
jigs 2 1334,28 € 2668,57 € 
safety equipment 2 4459,33 € 8918,66 € 
  Total 32 879,95 € 
 
Table 51: Summary of the total assembly cost of the project. 
  days hours/day Cost/hour Total cost 
Cost for the 
assembly 
16 8 
                                                  
18,00 €  
    2304,00 €  
cost for welding 6 8 
                                                  
18,00 €  
        864,00 €  
   Total     3168,00 €  
 
 So the total cost for the manpipulator system for two injection machines is 36 047,95 € (32 
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7.3.5 Cost estimation of material based on weight 
 
Table 52: Factors considered for the price calculation of the material. 
 AW6082 S235 PTFE 
density[kg/mm³] 2,70E-06 7,80E-06 2,20E-06 
price(€) per kg (sheet) 4,6 1,1 6,5 
price(€) per kg (rod) 5 1,4 6,5 
 
Table 53: Price calculation of the parts. 






Longer sides 25 620 30 465000 AW6082 5,78 € 
Short sides 45 220 30 297000 AW6082 3,69 € 
Gripper_parallel holder 20 130 30 78000 AW6082 0,97 € 
Lock_up_parallel holder 55 20 30 33000 AW6082 0,41 € 
Lock_down_parallel_holder 15 20 30 9000 AW6082 0,11 € 
Middle support holder 20 240 30 144000 AW6082 1,79 € 
Side_bridge_holders 90 150 20 270000 AW6082 3,35 € 
span_bridge 30 236 30 212400 AW6082 2,64 € 
plate_bridge 165 226 5 186450 AW6082 2,32 € 
Fixed distance plate 117,5 152 15 267900 AW6082 3,33 € 
L-guidance 50 55 40 110000 AW6082 1,37 € 
Lock_gripper 136 40 30 163200 PTFE 2,33 € 
Cilinder_mounting 60 45 12,5 33750 AW6082 0,42 € 








127,5 175 12 267750 AW6082 3,33 € 
Highest_mounting_plate_vert
ical_cylinder 
135 175 12 283500 AW6082 3,52 € 
Aluminium_guiding_rod    65940 AW6082 0,89 € 
Lever_arm 320 170 15 816000 AW6082 
10,13 
€ 
Lever_Arm_holding_block 185 140 12 310800 AW6082 3,86 € 
St_fastening_block_lever_arm
_holder 
150 255 21 803250 S235 6,89 € 
Alu_block1 150 132 27 534600 AW6082 6,64 € 
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Guide_block_for_linear_guide 30 22 12 7920 AW6082 0,10 € 
Rod_for_block_linear_guide    1884 AW6082 0,03 € 
bearing housing 80 45 45 162000 AW6082 2,01 € 






Horizontal 726 36 20 522720 AW6082 6,49 € 
Vertical 26 105 20 54600 AW6082 0,68 € 
Backplate 680 100 10 680000 AW6082 8,45 € 






L-bracket 160 28 2 8960 AW6082 0,11 € 






top 900 255 2 459000 S235 3,94 € 
front 900 190 2 342000 S235 2,93 € 
bottom 900 255 2 459000 S235 3,94 € 
welding_plate_for_feet 40 40 20 32000 S235 0,27 € 
L_40x40x2    32108 AW6082 0,40 € 
L_40x40x2    113308 AW6082 1,41 € 
Connection_plate_steel_struc
ture_babyplast 
260 45 10 117000 S235 1,00 € 
Connection_plate_start 
_and_babyplast 
200 45 10 90000 S235 0,77 € 






2nd gabarrit       
Guiding cylinders 
(DIAM22,5)x470 
   186780,9375 AW6082 2,52 € 
Support_halves 33 250 20 165000 AW6082 2,05 € 
end of conduit support halves 33 250 62,2 513150 AW6082 6,37 € 
1st gabarrit       
Guiding cylinders 
(DIAM22,5)x470 
   186780,9375 AW6082 2,52 € 
Support halves 33 250 20 165000 AW6082 2,05 € 
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end of conduits support 
halves 
33 250 20 165000 AW6082 2,05 € 
Acessoires to fasten the 
BabyPlast 






for start stop 200 45 10 90000 S235 0,77 € 
for the steel structure 260 45 10 117000 S235 1,00 € 






Height adjusting    14616,7 AW6082 0,20 € 
Gripper 18,5 29 12 6438 AW6082 0,08 € 
Extension_on_cylinder    3629,84 AW6082 0,05 € 
Bottom_scrap_gripper 36 36 22,5 29160 AW6082 0,36 € 
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7.4 Fiser vs BabyPlast 
A comparison between some crucial factors that can save money during the operation and 
lifetime of the machine have been set out in Table 54, Table 55, Table 56 and Table 57. 
 
Table 54: Cost analyse Set-Up Fiser vs BabyPlast. 
Cost analyse-Set-Up 
Fisher Machine Set-Up Values 
Set up ( 35 min/setup) 12 h/day = 2880 h/year 
Cost/year 28 800 € / machine= 2800€ 
Baby plast set-up Values 
Set up (12 min) 4 h/day = 960 h/ year 
Cost / year 9600 € 
Savings/year 19 200,00 € 
 
 
Table 55:Cost analyse-Raw material waste in set-up and start of production Fiser vs BabyPlast. 
Cost analyse-Raw material waste in set-up and start of 
production 
Fiser Machine – Raw material waste 
in set-up and start of production 
Values 
Raw material waste 
2 Kg/day = 480 
Kg/year 
Cost/year 960 € 
Babyplast - Raw material waste in 
set-up and start of production 
Values 
Raw material waste 
128 g/day = 
30,72 Kg/year 
Cost / year 61,40 € 
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Table 56: Costs analysis-Raw material consumption saving Fiser vs BabyPlast. 
Costs analyses-Raw material consumption saving 
Fiser molds – sprue weight per number of 
cavity   
Costs/year 
Jeep Cabo- impact of gate per part- 0,84g 5192 € 
Baby molds - sprue weight per number of 
cavity  
Costs/year 
Jeep Cabo-impact of gate per part- 0,25g 1273 € 
Savings/year 3919 € 
 
 
Table 57: Cost analysis-Maintenance saving Fiser vs BabyPlast. 
Cost analysis- Maintenance saving 
Fiser Machine Maintenance 
Reparations 3248 € 
Materials maintenance 925 € 
Preventive maintenance 885 € 
Tools maintenance 1945 € 
Total 7003 € 
Expected cost in BabyPlast 
Reparations 400 € 
Materials maintenance 150 € 
Preventive maintenance 200 € 
Tools maintenance 300 € 
Total 1050 € 
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7.5 Nesting  
In the manufacturing industry, nesting refers to the process of laying out cutting patterns to 
minimize raw material waste. By putting cutting lines together, a decrease in cutting time can 
also be accomplished if a plasma cutter is used. After designing all the components, the ones 
with the same thickness and material, are put into a nesting program. The outcome of the 
nesting software provides an idea of how much of a standardized plate we need. In this alinea, 
all the designed parts are put in the nesting software on a standardized sheet/plate to see how 
much of the plate we will exactly be needing.  
 
Aluminium 
Aluminium 5 mm Thickness 
The parts that are nested can be seen in Table 58 and the outcome of the nesting program can 
be seen in Figure 116. 
 
Table 58: Parts nested in AW6082-5mm. 
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Aluminium 10 mm Thickness 
The parts that are nested can be seen in Table 59and the outcome of the nesting program can 
be seen in Figure 117. 
 
Table 59: Parts nested in AW6082-10mm. 
Description QTY Material Dimensions [mm] Supplier 
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Aluminium 12 mm Thickness 
The 
parts that are nested can be seen in Table 60and the outcome of the nesting program can be 
seen in Figure 118. 
 
 




Aluminium 15 mm Thickness 
The parts that are nested can be seen in  
Table 61and the outcome of the nesting program can be seen in Figure 119. 
 




Lowest mounting plate vertical 
cylinder 
4 AW6082 




Highest mounting plate vertical 
cylinder 
4 AW6082 135 x 175 x 12 
Poly 
Lanema 
Fixing_plate_lever_arm 4 AW6082 185 x 40 x 12  
Guiding_block_for_linear_guide 8  30 x 22 x 12  
Gripper 16  18,5 x 29 x 12  
Cylinder_mounting_block_lock_gripper 8  60 x 45 x 12  
Description QTY Material Dimension Supplier 
Fixed_distance_plate   8 AW6082 117,5 x 152 x 15 Poly Lanema 
Lever_arm 8 AW6082 320 x 170 x 15 Poly Lanema 





DEVELOPMENT OF AUTOMATIC MANIPULATORS FOR PLASTIC INJECTION MACHINES  ROBIN PENNE
 
 






Aluminium 20 mm Thickness 
The parts that are nested can be seen in Table 62 and the outcome of the nesting program can 
be seen in Figure 120. 
 
 
Table 62: Parts nested in AW6082-20mm. 
 
Description QTY Material Dimension Supplier 
Fixed_distance_plate   8 AW6082 117,5 x 152 x 15 Poly Lanema 
Lever_arm 8 AW6082 320 x 170 x 15 Poly Lanema 




Vertical_sides 16 AW6082 90 x 150 x 20  
Holder_guiding_rail_cylinder 8  726 x 36 x 20  
Vertical_support_holder_guiding_rail 8  26 x 105 x 20  
Support_holders_jig_top 4  33 x 250 x 20  
Support_holder_jig_bottom 5  33 x 250 x 20  
First injection_end_of_jig 1  33 x 250 x 20  
Top_scrap_gripper 8  40 x 40 x 20  










Aluminium 30 mm Thickness 
The parts that are nested can be seen in Table 63 and the outcome of the nesting program can 
be seen in Figure 121. 
 
 
Table 63: Parts nested in AW6082-30mm. 




Longer_sides 8  25 x 620 x 30  
Short_sides 12  45 x 220 x 30  
Middle_holder_scrap_gripper 8  20 x 130 x 30  
Lock_up_parallel holder 8  55 x 20 x 30  
Lock_down_parallel_holder 8  15 x 20 x 30  
Middle_support_holder_for_gripper 8  20 x 240 x 30  
Span_bridge 8  30 x 236 x 30  
Alu-block1 4  150 x 132 x 27  
Alu-block2 4  150 x 50 x 27  
 









Aluminium 35 mm Thickness 
The parts that are nested can be seen in Table 64 and the outcome of the nesting program can 
be seen in Figure 122. 
 
Table 64: Parts nested in AW6082-35mm. 
Description QTY Material Dimensions [mm] Supplier 
2nd injection 
gabarrit top and 
bottom 
2 AW6082 20 x 250 x 33  
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Aluminium 45 mm Thickness 
The parts that are nested can be seen in Table 65 and the outcome of the nesting program can 
be seen in Figure 123. 
 
 
Table 65: Parts nested in AW6082-45mm. 
Description QTY Material Dimensions [mm] Supplier 
Bearing_housing 12 AW6082 80 x 45 x 45  
 
 
Figure 122: Outcome of the nesting software for AW6082-35mm. 
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Aluminium 55 mm Thickness 
The parts that are nested can be seen in Table 66 and the outcome of the nesting program can 
be seen in Figure 124. 
 
 
Table 66:Parts nested in AW6082-55mm. 











Thickness 30 mm  
The parts that are nested can be seen in Table 67 and the outcome of the nesting program can 
be seen in Figure 125. 
 
 
Table 67: Parts nested in PTFE-30mm. 
Description QTY Material Dimensions [mm] Supplier 
Locking_gripper 8 AW6082 65 x 40 x 55  
 











Steel 5 mm Thickness 
The parts that are nested can be seen in Table 68 and the outcome of the nesting program can 
be seen in Figure 126. 
 
 
Table 68: Parts nested in S235JR-5mm. 
Description QTY Material Dimensions [mm] Supplier 
Steel frame plating: top 4 S235 255 x 900 x 5  
Steel frame plating: bottom 4 S235 255 x 900 x 5  
Steel frame plating: front 4 S235 190 x 900 x 5  
 









Steel 10 mm thickness 
The parts that are nested can be seen in Table 69 and the outcome of the nesting program can 
be seen in Figure 127. 
 
 
Table 69: Parts nested in S235JR-10mm. 
Description QTY Material Dimensions [mm] Supplier 
Fastening plate for start/stop to the 
BabyPlast 
4 S235 45 x 200 x 10  
Fastening plate for the steel structure to 
the BabyPlast 
4 S235 45 x 260 x 10  









Steel 20 mm thickness 
The parts that are nested can be seen in Table 70 and the outcome of the nesting program can 
be seen in Figure 128. 
 
 
Table 70:Parts nested in S235JR-20mm. 
Description QTY Material Dimensions [mm] Supplier 
Welding_plate_for_feet 20 S235 40 x 40 x 20  
 
 
Figure 127: Outcome of the nesting software for S235JR-10mm. 
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Steel 25 mm thickness 
The parts that are nested can be seen in Table 71 and the outcome of the nesting program can 
be seen in Figure 129. 
 
 
Table 71: Parts nested in S235JR-25mm. 
Description QTY Material Dimensions [mm] Supplier 
St_block_holder_lever _arm 4 S235 150 x 255 x 21  
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7.8 2D Drawings  
